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INTRODUCTION 
The Legumlnosae contains three subfamilies, Mimosoideae, 
Papilionoideae, and Caesalpinioideae, each of which is further 
divided into tribes. Cercideae, one of five tribes (Polhill and 
Raven, I98I) belonging to the Caesalpinioideae, is further 
subdivided into two subtribes, Cercidinae and Bauhiniinae. 
The subtribe Cercidinae is composed of three genera. One 
of these, Cereis, contains six species. Cere is is presumed to be an 
ancient genus and is the only one in the Cercideae with a distribution 
in the temperate regions of the northern hemisphere. The other 
two genera of Cercidinae, Griffonia and Menolobus, are African in 
distribution. The four species of Griffonia are native to 
tropical west Africa. Adenolobus, with two species, is native 
to southwest Africa. 
The subtribe Bauhiniinae is also composed of three genera. 
Two of these, Brenierea and Barklya, contain only a few species of 
limited distribution. In contrast, the third genus, Bauhinia sensu 
lato, consists of about 225 species with a pantropical distribution. 
Seeds of Cercideae are, in some ways, unique within the 
Leguminosae. An unusual placement of the micropyle, directly between 
the hilum and the lens (the micropylar lens), sets the tribe Cercideae 
apart from all other legumes. By close scrutiny of the seeds of this 
tribe, I propose to determine whether this "micropylar lens" is a 
2 
true lens, in the classical sense. If so, then comparable with the 
lens of the other legumes, its position on the seed would be a true 
anomaly. 
Gercideae seeds usually lack the hour-glass osteosclerid layer 
reported to be an invariable characteristic of legume seeds (Pitot, 1933). 
They also have a parenchymatous bridge of tissue extending from the 
funiculus through the outer seed testa and terminating in the hypodermal 
layers of the seed coat (Wunderlin et al., I98I). 
An understanding of the mature seed anatomy requires a study 
of the base upon which the seed is built, namely, the ovule and, 
later, the embryo. Thus, "... if one could deduce ontogeny from a 
knowledge of the mature structure, developmental studies would not be 
needed. Such deductions are not necessarily possible. Even the same 
or very similar structures may sometimes develop differently." (Sattler, 
1974). 
In Gercideae, Gereis canadensis megasporogenesis (Rembert, 1969a) 
and G^ . siliquastrum early embryo development (Guignard, 1881a; Goursat, 
1963) have both been studied. The processes of megasporogenesis, 
megagametogenesis, and embryo development in Bauhinia have not been 
reported. Thus, within the constraints of available material, I propose 
to study comparative development of ovule, seed and embryo in those 
genera of Gercideae which have not yet been examined. Such a study 
would be exceedingly useful in the interpretation of the unusual 
features that exist in the mature seeds of Gercideae. 
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The major portion of the research, however, is the investigation 
of the mature seed anatomy of Bauhinia and Gereis. The few previous 
studies of seeds in Gercideae have concerned the seed characteristics of 
a single species or a small group of species. A more comprehensive 
survey of seeds in the Gercideae, as here presented, will provide a 
solid basis for construction of a concept of a generalized Gercideae 
seed. Ghanges in the organization of the integuments and nucellus 
will be stressed here rather than the development of the embryo itself. 
As the various components of the seed coat differentiate, changes in the 
embryo are examined only as they appear to affect the structure of the 
seed coat. 
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LITERATURE REVIEW 
One may consider the period from ovule initiation to mature 
ovule to be a single developmental sequence that culminates in the 
maturation of a small megagametophyte in the central region of the ovule. 
Following fertilization, the ovule and enclosed zygote begin a second 
sequence of development that culminates in a mature seed containing 
an embryo surrounded by variable amounts of endosperm and parental 
sporophyte tissue in the form of the seed coat or testa. 
This literature review is divided into two main sections. The 
first pertains to the legume ovule and the second to the legume seed. 
A review of the literature dealing with legume ovule development, 
especially in the caesalpinioids, will permit generalizations about 
the typical caesalpinioid ovule. Comparisons between it and the typical 
papilionoid ovule are then possible. The Gercideae ovule may then be 
compared to other caesalpinioid ovules and to representative papilionoid 
ovules. 
In order to correlate Gercideae ovule anatomy with that of the 
mature seed, developmental studies are necessary. A review of the 
literature reports of previous developmental studies in Gercideae 
avoids the duplication of previous work and increases the data base 
available for comparative studies. 
5 
Because one of my alms is to build a generalized model of the 
Gereideas seed and compare it to the papilionoid seed, it is 
necessary to trace relevant literature dealing with anatomical 
features of papilionoid seeds as well as that pertaining to 
caesalplnioid seeds. 
There are some areas of reproductive biology that appear to 
have some bearing on the present anatomical form of the Cercideae 
seed. It is of interest, therefore, to present here at least some 
of the literature dealing with peculiarities of reproductive biology 
as found in Gereis and Bauhinla. This same rationale applies to the 
inclusion of literature dealing with dormancy mechanisms in Gercideae 
seeds and buds and with seed parasite defenses in Bauhinla. 
Legume Ovules 
Ovule curvature 
A subject of some controversy has been the possibility that 
ovule curvature, and therefore ovule shape, result from physical 
pressure exerted upon the ovule by the carpel walls rather than because 
of any intrinsic factors within the ovule itself. 
Weinstein (1926) noticed that, in Phaseolus, all ovules curve 
towards the apex of the carpel. Reeves (1930) observed that the 
Medicago ovule is also orthotropous until it contacts the carpel 
wall. He proposed that mechanical pressure exerted by the carpel 
upon the enlarging ovule was the main determiner of ovule shape and 
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orientation. Later, Cooper (1933) pointed out that in Melilotus 
the ovules begin to curve before the nucellus touches the dorsal 
wall of the carpel. Since no part of the ovule is in contact with 
the dorsal carpel wall until the ovule is almost mature, and long 
after ovule shape has been determined, there is no possibility that 
physical pressure of the carpel is responsible for ovule 
curvature. 
Ovule cuirvature is now considered to be determined, at least 
in part, by genetic factors. Therefore, curvature patterns are of 
some significance in the determination of phylogenetic relationships 
(Falser, 1975). 
Epitropous vs• apotropous ovule curvature Epitropous ovules 
are those in which the funiculus is bent upwards towards the apex of 
the carpel. Apotropous ovules are those in which the funiculus is 
bent downwards, towards the base of the carpel. Engler (1897) based 
the distinction between Sapindales, with epitropous ovules, and Geraniales, 
with apotropous ovules, upon the direction in which the funiculus is bent 
as the ovule matures. 
Legume ovule curvature Bor and Kapil (1975) noted that 
apotropy results from activation of localized intercalary meristems 
in the ovule. This matter of ovule curvature is of interest in 
legumes, where ovules are, in fact, often anacampylotropous and 
where bending occurs in the funiculus "... in the region of the 
nucellus..." (Bocquet, 1959)-
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Ovule shape 
Ovules may he classified according to the positional relationship 
between the hilum and the micropyle (Maheshwari, 1950)» The hilum 
marks the point of attachment of the ovule to the funicular stalk. 
Maheshwari (1950) says that the micropyle usually serves as the point 
of entrance for the pollen tube as it grows towards the megagametophyte. 
At one extreme, the atropous (orthotropous) ovules have the hilum 
located 180 degrees from the micropyle along the long axis of the 
ovule. At the other extreme, the anatropous ovules have the micropyle 
and hilum in close proximity to each other. In the hemianatropous 
ovule, the long axis of the ovule is at right angles to the funicular 
stalk,and the hilum is moderately close to the micropyle. In the 
campylotropous ovules, each ovule is partially curved back on its 
funicular stalk, so that the hilum is about 90 degrees from the 
micropyle. 
The anatropous ovule is considered to be the most common, and 
probably the basic, angiosperm ovule shape (Palser, 1975; Sporne, 
1969; Thomas, 1931). 
Legume ovule shape Bocquet (1959) considered all legumes 
to have campylotropous ovules, and defined campylotropous ovules as 
those in which the proximity of the micropyle to the funiculus is 
due to a bending in the region of the nucellus. He postulated that the 
final form of campylotropous legume ovules can be derived either 
from the anatropous ovule to form the anacampylotropous ovule or 
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from the orthropous ovule to form the orthocampylotropous ovule. 
Orthocampylotropous vs. anacampylotrdpous ovule shape An 
easy way to determine if the campylotropous ovule can most accurately 
be termed orthocampylotropous or anacampylotropous was diagrammed 
by Bocquet (1959)• He traced the vascular tissue from the placenta 
to the chalaza of the ovule. In orthocampylotropous ovules, the 
entire length of the vascular strand remains more or less perpendicular 
to the placental surface. In the anacampylotropous ovules derived 
along the anatropous pattern, the vascular tissue forms a bend at the 
hilum and continues for the rest of its length more or less parallel 
to the placental surface. 
Derivation of the campylotropous ovule along the anatropous 
pattern reconciled Bocquet's apparently contradictory statements 
that "...all legumes have campylotropous ovules..." and "...all 
legume ovules are anatropous...." 
Caesalpinioid vs. papilionoid legume ovule shape According 
to Davis (1966), the caesalpinioids are characterized by campylotropous 
to anatropous ovules. Bocquet (1959) noted that only the ovules of 
papilionoid legumes become anacampylotropous during seed formation 
but later (Bocquet and Bersier, I960) appears to have re-evaluated 
the earlier statement assigning anacampylotropous ovules only to 
papilionoid legumes. They diagrammed a sequence of orientational 
changes during maturation of caesalpinioid ovules which also ultimately 
results in ajiacampylotropous ovules. 
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Cercideae ovule shape Bocquet and Bersier (I960) used the 
anatropous ovule of Gereis as an example of a caesalpinioid legume 
which forms an anacampylotropous ovule at maturity. The original 
anatropous orientation is changed as activation of an intercalary 
meristem results in "...funicle complètement courte, micropyle 
courbe..." (funiculus completely curved, micropyle curved). They 
illustrated a continual shift in orientation and curvature between 
ovule initiation and maturation. Rembert (1969a) also reported 
that the ovule of Gereis canadensis assumes a campylotropous form 
and arches towards the style at megasporogenesis. 
Nucellus 
The nucellus is the first region to be differentiated within 
the developing ovule. In legumes an archesporium becomes visible, 
enlarges, and the megaspore mother cell differentiates within the 
nucellus as the ovule is gradually elevated above the placenta on 
the funiculus (funicle intermédiare of Pitot, 1936) or funicular 
stalk. Some aspects of nucellar anatomy will be considered as they 
apply to papilionoid and caesalpinioid legumes. 
One way to describe the nucellate condition is to determine 
the position of the archesporial cell relative to the nucellar 
epidermis. The nucellate condition has also been described by 
determining the position of the mature megagametophyte (embryo sac) 
10 
relative to the nueeliar epidermis. Comparable locations of 
archespore and megagametophyte are described by the same terms. 
Tenuinucellate ovules The ovule is classified as tenui-
nucellate if the archesporial cell is located within the nucellar 
hypodermal layer immediately subtending the nucellar epidermis 
(Maheshwari, 1950; Falser, 1975)' The tenuinucellate condition 
is considered to be derived and advanced (Falser, 1975; Sporne, 
1969). 
Grassinucellate ovules The ovule is considered to be crassi-
nucellate if the archesporial cell is subhypodermal, that is, when 
it originates from a nucellar cell located more than two cell layers 
deeper than the nucellar epidermis. Grassinucellate ovules are 
common in the angiosperms. Falser (1975) noted, in her review 
emphasizing the taxonomic value of ovule characters, that "... in a 
little less than two-thirds of the angiosperm families described, all 
ovules are crassinucellate.... The Rosidae and Dilleniidae families 
are two to one crassinucellate." 
Fseudocrassinucellate and pseudotenuinucellate ovules A third 
way to describe nucellate condition is to determine the manner in which 
the megaspore mother cell is derived from the archespore. The 
axchesporium may contain one or two cells prior to formation of the 
megaspore mother cell. A pseudocrassinucellate or pseudotenuinucellate 
ovule results when the archespore bypasses the mitotic division that 
would otherwise form the primary parietal cell and the primary sporogenous 
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cell and enlarges directly into the megaspore mother cell. The 
two-celled archesporium is more common in dicotyledons whereas the 
single-celled archesporium is more common in monocots (Falser, 1975)• 
Both conditions are found in legumes (Remhert, 1969a, b). 
Papilionoid nucellate condition Most papilionoid legumes 
are described as tenuinucellate (Brown, 1917, Phaseolus vulgaris; 
D. G. Cooper, 1933, Melilotus. 1935, Medicago, 1938» Pisum sativum; 
Rembert, 1977, Trifolium repens; Saunders and Van Gotthem, 1980, 
Erythrina lysistemon). Grassinucellate ovules have been reported 
in only a few papilionoid legumes (Guignard, 1881a, Lupinus; 
Kostrikova, 1979, Sophora; Martin, l9l^ , three species of Trifolium 
including repens, one species of Medicago and one of Vicia). 
The apparent nucellar condition can change during development. 
There is some precedent for this. Davis (1966) reported that in 
ovules of the non-legume taxa Ericanae and Asteridae "...the single 
nucellar layer degenerates ... so that the embryo sac is in contact 
with the inner layer of the integument." This seemingly advanced, 
derived condition has been reported in a few papilionoids, especially in 
the tribes Phaseoleae (Brown, 1917, Phaseolus vulgaris ; Saunders and 
Van Gotthem, I98O, Erythrina; Weinstein, 1926, Phaseolus vulgaris), 
Trifolieae (D. G. Gooper, 1933, Melilotus; Martin, 1914, Trifolium), and 
Vicieae (Martin, 1914, Pisum, Vicia). Early disintegration of nucellar 
tissue at the micropyle allows the mature megagametophyte to be in 
direct contact with the integuments (Martin, 1914). This may explain 
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conflicting reports of "both crassinucellate (Martin, 1914) and tenui-
nucellate (Rembert, 1977) conditions in ovules of Trifolium repens. 
The papilionoid Trifolium ovule is crassinucellate at initiation, but 
appears tenuinucellate at maturity. The megagametophyte of the crassi­
nucellate papilionoid ovule is usually separated from the nucellar 
epidermis by only three or four cell layers and at no time is the 
nucellar tissue as massive as in the crassinucellate caesalpinioid 
ovule. 
Caesalpinioid nucellate condition Five genera in the 
Caesalpinioideae have been studied for nucellar type. These have all 
been reported to be crassinucellate (Datta, 193^ » Cassia; Chose and 
Alagh, 1933» Cassia purpurea; Goursat, I963, Gereis siliquastrum; 
Guignard, 1881a, Cassia tomentosa, Gereis siliquastrum; Pantulu, 1951, 
Cassia occidentalis; Pitot, 1936, Caesalpinia sepiaria. Cereis 
siliquastrum, and Poinciana gilliesii; Rembert, 1969a, Cassia (two 
species) and Gleditsia; Saxton, I907, Cassia tomentosa; Valenti et al., 
1979, Gereis siliquastrum). 
Gercideae nucellate condition Rembert (1969a) pointed 
out that the archespore, in the crassinucellate Gere is canadensis 
ovule, enlarges directly into the megaspore mother cell. This nucellar 
condition would be more accurately defined as pseudocrassinucellate 
because no parietal cell is formed from the mitotic division of the 
archespore. In C_i siliquastrum, the mature megagametophyte remains 
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deeply-emtedded in several layers of nucellar tissue. The nucellar 
tissue extends past the inner integuments and rests against the outer 
integuments. Thus the exostorae alone forms the micropyle (Guignard, 
1881a; Pitot, I936; Valenti et al., 1979)• Falser (1975) remarked that 
in only two families (both in the Dilleniidae) is the micropyle formed 
exclusively from the exostome. She remarked further that ovules with 
massive nucelli are found primarily in the dicotyledons in "... the 
Malvanae of the Dilleniidae, in about half of the families of the 
Hamamelididae, (and) in several families of the Rosidae...." 
Gassieae nucellate condition Cassia has also been reported 
to be crassinucellate but illustrations reveal a relatively shallow 
layer of nucellar tissue between the micropylar end of the megagametophyte 
and the nucellar epidermis. Also in contrast to the examples cited 
above from the Cercideae, the endostome in Cassia remains recognizable, 
forming part of the micropyle (Guignard, 1881a). 
Integuments and funiculus 
The integuments of the bitegmic legume ovule are initiated 
individually (D. G. Cooper, 1933» 1938; Mitchell, 1975) and remain 
appressed but essentially free from each other (Bocquet, 1959) and from 
the nucellus (Bor and Kapil, 1975)* The outer integument is fused to 
the funiculus at the raphe (Bhatnagar and Johri, 1972) either because 
of congenital or post-genital fusion. 
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Congenital vs. post-genital fusion Congenital fusion was 
described "by Walker (1975) as "...a phylogenetic fusion or zonal 
growth..." in which the fused tissues arise from a common basal 
meristera and produce an expanse of tissue in positions where separate 
organs once existed. He contrasted this with post-genital or 
ontogenetic fusion, in which tissues arise from distinct primordia. 
Later, the epidermal layers come into contact and adhere (become 
confluent) so that previous distinctiveness between epidermal layers 
is gradually lost. 
Congenital fusion at raphe Schleiden (I839) appears to have 
been the first to propose that the absence of an outer integument on 
the funicular (raphal) side of the ovule is the result of congenital 
fusion between the outer integument and the funicular tissue. 
Bocquet (1959)» Boeke (1973)» Games (I96I), and Pahn (197^ ) agree that 
congenital fusion between outer Integument and funicular tissue is 
the cause for the apparent lack of an outer integument on the raphal 
side of the ovule. Bor and Kapil (1975) placed the dividing line of 
the nucellus and funiculus between the inner and outer integuments. 
They observed that, in angiosperm ovules, the simultaneous elongation 
of both the funiculus (raphe) and outer integument (antiraphe) supports 
the idea that they are derived from the same tissue. That is, 
the outer integument and the funiculus are congenitally rather than 
post-genitally fused. 
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Post-genital fusion Boeke (1973), while reporting on the 
presence of post-genital fusion in the gynoecium of Trifolium, noted 
that, after fusion is complete, it is often difficult to differentiate 
between post-genital and congenital fusion because there is an 
interdigitation of epidermal cells from each surface. He observed 
that ultrastructural study facilitated discrimination of post-
genitally fused epidermal surfcices. Ontogenetic studies, according 
to Moeliono (1970) can also reveal whether fused surfaces were 
originally separate, as in post-genital fusion, or never separate, 
as in congenital fusion. 
Megasporogenes is 
The first visible indication of megasporogenesis is the 
differentiation of the archesporium and the enlargement of the 
archesporial cell within the nucellar tissue. The legume archespore 
may simply enlarge and become the sporogenous cell (megaspore mother 
cell) as documented by Datta (193^ ) and Rembert (I967, 19693-). 
Alternately, the archesporial cell may first divide mitotically to 
produce a primary parietal cell toward the nucellar epidermis and 
a primary sporogenous cell (megaspore mother cell) toward the chalaza 
as noted by G. 0. Cooper (I938), Martin (1914), and Rembert (1969b). 
The primary sporogenous cell (megaspore mother cell) divides meiotically 
to produce a tetrad of megaspores. 
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Functional mesaspore In legumes, the chalazal megaspore is 
usually the functional megaspore (D. G. Cooper, 1935i Medicago; 
G. 0. Cooper, 1938, Pisum; Martin, I9l4, four Trifolieae, one Vicieae; 
Pantulu, l9^ 5i Cassia; Remhert, 1969a, Gercis canadensis). The 
chalazal functional megaspore has been considered to he the most 
common condition in angiosperms (Maheshwari, 1950; Schnarf, 1929). 
Explanations for preferential development of a chalazal megaspore 
include proximity to the chalaza and therefore to nutrients (Erdelska, 
1975) or to hormones (Dixon, I936). 
Deviant sporogeny Rare exceptions among legumes in which the 
functional megaspore was reported to be the third megaspore in the 
linear tetrad, have been noted in a papilionoid species (Mitchell, 
1975; Vicia faba) and in a caesalpinioid species (Saxton, I907, Cassia 
tomentosa). This latter report contradicted other studies on Cassia, 
including one on the same species in which the chalazal megaspore was 
functional (Guignard, 1881a; Pantulu, 1945). It is possible that 
Saxton misinterpreted his material or that what he observed was actually 
an aberration from the normal condition. 
Aberrant microsporogenesis has been observed in Gaesalpinia 
pulcherrima, another caesalpinioid species (Mukherjee, 1952). 
Mukherjee noticed abnormal microspore "tetrads" in which three, six, 
and eight microspores were present in those callose jackets which would 
ordinarily have contained four microspores. He found the normal 
1? 
microspore number in later collections made from the same plant. 
He speculated that unspecified environmental factors caused the 
single incidence of abnormality. 
Phylogeny Rembert (1971) proposed that the ancestral pattern 
of megasporogenesis in legumes was based upon a linear tetrad of 
four megaspores, each of which had an equal potential for becoming 
functional. After analyzing patterns of megasporogenesis in 16 
papilionoid legumes, he postulated that four phylogenetic trends 
(loss of spore function, change in plane of division, loss of cell 
wall, and loss of nuclear division) could account for the 12 
different megaspore tetrad patterns reported to occur in legumes. 
Megagame togene sis 
Megagametogenesis begins with the enlargement of the functional 
megaspore. Enlargement is followed by a series of mitotic divisions. 
The number of mitotic divisions is somewhat variable but in the most 
common type of megagametogenesis three mitotic divisions produce the 
mature megagametophyte. This structure contains a pair of synergids 
and an egg cell at the micropylar end, two polar nuclei in the central 
region, and three antipodals at the chalazal end of the megagametophyte. 
This most common type of megagametogenesis, reported in slightly 
more than 80^  of the angiosperm taxa surveyed, was first referred to 
as the normal type (Goebel, 1905; Guignaxd, 1881c) and later 
18 
designated the monosporic Polygonum type (Davis, I966; Maheshwari, 
I95O; Falser, 1975). 
Megagametophyte ultrastructure Recently, anatomical study 
of the megagametophyte at the ultrastructural level has increased 
our knowledge regarding the interrelationships between parts of the 
megagametophyte and between the megagametophyte and the surrounding 
ovule tissue. Excellent ultrastructural studies of megagametogenesis 
and related events have been published on Gossypium (Jensen, I965), 
Helianthus (Newcomb, 1973a, b), Gapsella (Schulz and Jensen, 1968a, 
b, 1971 i 1973), Omithogalum (Tilton, 1978, I98O; Tilton and Lersten, 
I98I), and Petunia (Van Went, 1970a, b, c). Because my research 
is not concerned with ultrastructure of the legume ovule, a thorough 
review of literature dealing with megagametophyte ultrastructure is 
not relevant. It is sufficient to note that there have been no 
studies of legume megagametogenesis at the ultrastructural level. 
Megagametogenesis in legumes By fax, the majority of legume 
species surveyed are of the monosporic Polygonum type. Only five 
(Ceratonia siliqua, Gymnocladus canadensis, Lupinus polyphyllus, 
L. luteus, and Medicago arborea) of 20 legume species studied by 
Guignard (1881a, b) have other than the monosporic Polygonum type. 
Jonsson (l879/l88o) also reported a single exception, Lathyrus 
odoratus, of the seven papilionoid legumes he studied. 
The study of megagametogenesis in caesalpinioids has not been 
entirely neglected although, relative to papilionoids, the number 
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of species surveyed has been low. A series of studies in the 
caesalpinioid tribe Gassieae (Datta, 193'^ ; Ghose and Alagh, 1933; 
Guignard, 1881a; Pantulu, I945, I95I; Pellegrini, 19^ . Rau, 1950b; 
Saxton, 1907) was often limited to a single species of Cassia. 
Some other studies of caesalpinioid megagametogenesis include 
investigations of Cereis siliquastrum (Bocquet and Bersier, I96O; 
Goursat, 1963; Guignard, 1881a; Johansen, 1950; Pitot, 1936; 
Valenti et al., 1979)» Gleditsia trlacanthos (Guignard, 1881b; 
Rembert, 1969a) and G. caspica (Guignard, 1881b), along with studies 
in a few other taxa such as Gymnocladus canadensis (Guignard, 1881b), 
Gaesalplnla seplarla and Polnciana gllliesil (Pitot, I936). 
Polar nuclei The two polar nuclei are variable in time 
of fusion relative to fertilization and in their location in the 
central cell during fertilization. The fusion nucleus or the 
primary endosperm nucleus is formed by the fusion of the two polar 
nuclei and the sperm nucleus. 
Concerning papillonoid taxa, Krupko (1973) stated that the 
polar nuclei in Trlfolium are close to the egg but unfused when 
fertilization occurs. D. G. Cooper (I938) noted that the polar nuclei 
in Plsum are unfused also, although closely appressed, at the time of 
fertilization. They are, however, in the center of the central cell 
rather than close to the egg apparatus. The fusion nucleus usually 
begins to divide before the zygote. As a result, 10-16 endosperm 
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nuclei are present in the legume embryo sac before the proembryo 
forms (D. C. Cooper, 1933» Melilotus; G. 0. Cooper, 1938, Pisum). 
Among caesalpinioids, Saxton (190?) reported that polar nuclei 
fuse early in Cassia tomentosa. Pantulu (19^ 5) noted that the polar 
nuclei are close to the egg and fuse prior to fertilization, in 
G. occidentalis. In contrast, Datta (193'+) noted that the polar 
nuclei remain separate until after fertilization, in Cj_ tora. 
Antipodals Guignard (1881c) remarked that papilionoids 
have ephemeral antipodals whereas these structures usually persist 
until fertilization in mimosoids and caesalpinioids. This conclusion 
was supported by later studies in papilionoids (Brown, 191?, Phaseolus 
vulgaris; Cooper, I933i Melilotus, 1938, Pisum; Kostrikova, 1979» 
Sophora; Reed, 1924, Arachis; Reeves, 1930, Medicago; Rembert, 196?, 
Wisteria) and in caesalpinioids such as Cassia (Datta, 193^ ; Ghose 
and Alagh, 1933; Saxton, 190?). 
Chalazal haustoria 
The chalazal haustorium is a structure which originates from 
the megagametophyte as one or more projections from the embryo sac 
into the chalazal portion of the nucellus. These projections 
sometimes extend up into the integuments. 
Chalazal haustoria in legumes Early formation of chalazal 
haustoria may account for the ephemeral condition of antipodals in 
papilionoid legumes. The condition of antipodal persistence 
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observed in caesalpinioids such as Cassia may be accompanied by late 
formation of chalazal haustoria (Saxton, 190?, Cassia tomentosa). 
According to Johri and Garg (1959)» after formation of the proembryo, 
the chalazal area of the embryo sac extends into the nucellar tissue. 
Johri and Garg (1959) studied embryogenesis in 20 legume species 
and found chalazal haustoria in all of them. They describe these 
haustoria as "...having nuclei larger than in the endosperm proper, 
a more dense cytoplasm especially at the tip, and a tendency to 
interdigitate with the nucellar tissue." It is difficult to determine, 
from the diagrams provided, whether the chalazal haustorium illustrated is 
a distinct structure or simply a multinucleate endosperm together 
with transfer tissue, adjacent to the nucellar tissue. Pantulu (1951) 
also described and illustrated such haustoria in the post-fertilization 
embryo sac of Cassia occidentalis, G. auriculata, and G_^  glauca. 
Hypostase 
The hypostase was broadly defined by Van Tieghem (I869) as 
"...any modification in chalazal structure..." which assumes a 
knowledge of what constitutes unmodified structure. Johansen (I928) 
agreed with Van Tieghem. A later, more narrowly circumscribed 
definition of the hypostase was proposed by Schnarf (1929)> who 
considered the hypostase to be composed of specialized, corky or 
lignified cells which appear in the chalazal region. Tilton (I98O) 
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expanded on Schnaxf (1929) by defining the hypostase as a "...group of 
modified cells with usually lignified walls, generally within the 
chalazal region of the ovule but which may surround the megagametophyte 
and extend into the micropylar half of the ovule." 
Hypostase function 
Nutritive Most early concepts regarding the hypostase 
postulated a nutritive function for these modified chalazal cells. 
Westermaier (1890, 1897) based his supposition of nutritive function 
upon position, terming the hypostase "Zuleitungsbahn " (conducting 
route) or "Stërkestrasse" (starch street). Goldflus (1899) and 
Engell and Petersen (1977) also postulated a nutritive function. 
They called the hypostase a "pseudochalaza" and described changes 
in the cells of the inner integument as the megagametophyte matured. 
Brown and Mogensen (1972) and Mogensen (1973) called the hypostase 
a postament and, noting its starch content, also proposed a 
nutritive function. They found that postament cells, which project 
from the chalaza through the center of the megagametophyte, are 
ultrastrueturally similar to cells of the inner integument. In an 
earlier report of a postament, Gauman (1919) diagrammed a file of cells 
extending through the chalazal area of the nucellus from the vascular 
bundle into the megagametophyte of Chrysosplenium alternifolium 
(Saxifragales). 
Water transport Goebel (1933) proposed that water, 
rather than carbohydrates, was the substance transported by the 
hypostase, also basing his supposition upon location. 
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Adaptation to drought Johansen (1928) proposed that 
the hypostase is a flexible adaptation to environmental conditions. 
He based this proposal upon the observation that, in ovules of 
Onagraceae exposed to sudden drought during ovule formation, the 
hypostase was more extensive than in other experimental plants. 
Further, seed formed from ovules with such extensive hypostase 
structures did not generate hypostases in the next generation of 
ovules, when abundant moisture was available. 
Containment A completely different concept of the 
function of the hypostase is that of containment. Examples of this 
are the barrier tissue and the epistase described by Van Tieghem 
(I90I). This concept of the hypostase as a barrier was particularly 
well-developed in studies of legume ovules by Dnyansagar (19^ 4d), 
Johri and Garg (1959), and Rau (1953). 
Hypostase in legumes No reference to hypostase structures 
in legume ovules was included in Dahlgren's 19^ 0 review of 
hypostase variations but later work showed that the legumes have 
their share of hypostase variations. Rau (1953) described and 
illustrated an extension of elongated, thin-walled cells in the 
nucellus and chalazia of Ca.jajius and Atlosia, both papilionoid legumes. 
He also described barrier tissue in Dalbergia and Indigofera. Johri 
and Garg (1959) later verified the presence of barrier tissue in 
Dalbergia. 
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In a series of papers published in the 1950s, Dnyansagar 
surveyed megagametogenesis in nine genera of miraosoid legumes — 
Acacia, Adenanthera, Galliandra, Dichrostachys, Leucaena, Mimosa, 
Neptunia, Parkia, and Prosopis (Dnyansagar 194$, l951a, b, 1954a, 
b, c, dj 1957; 1958). During this extensive survey, he 
observed what he considered a unique hypostase in Leucaena and 
Mimosa (195^ ) - He designated this hypostase as "barrier tissue" 
describing what he believed to be the tissue's function, i.e. forming 
a barrier which prevented the chalazal haustorium from invading 
the integuments. He described this hypostase as consisting of 
files of thick-walled, tannin-filled cells extending from the 
chalazia towards the center of the embryo sac. However, he used a 
stain series consisting of iron alum, hemotoxylin, and aceto-carmine, 
all of which would darkly stain other substances, as well as tannins. 
Hypostase vs. chalazal haustorium The chalazal haustorium 
is a structure which originates from the megagametophyte, in contrast 
to the nucellar tissue source of many hypostase structures. An 
invasive hypostase such as that designated the "pseudoembryo sac" 
by Went (I9I0, I926) has some resemblance to a chalazal haustorium, 
and was even termed the "chalazal proliferating tissue" by Schulz and 
Jensen (1971). Went concluded that the hollow space at the tip of the 
chalazal end of the megagametophyte was formed when nucellar cell walls 
dissolved and freed the cell contents, which later fused. Later 
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work by Jâger-Zllrn (196?) and. Arekal and Nagedran (19753-» b) 
further refined Went's concept of an invasive hypostase. They 
termed this structure a "nucellar Plasmodium." 
The micropylar nucellar tissue may also remain meristematic 
following completion of megagametogenesis, to form an epistase 
(Maheshwari, 1950)• 
Parietal nucellar tissue 
Guignard (1881a) remarked on the large amount of parietal 
tissue present in the ovules of caesalpinioid and mimosoid legumes. 
A strict definition of parietal nucellar tissue would require 
that it he formed from the primary parietal cell and derivative 
parietal cells. The parietal cell is not formed in many 
caesalpinioid legumes hut, whatever the source, a massive 
micropylar nucellus is often present in taxa of these legume 
subfamilies (Pantulu, 19^ 5, Cassia; Pitot, 1936, Gaesalpinia 
sepiaria, Cereis siliquastrum). 
Nucellar beak A nucellar beak (Maheshwari, 1950) has been 
reported to occur in several angiosperm families: Euphorbiaceae 
(Bor and Bouman, 1974; Bor and Kapil, 1975; Lyon, I898), Leguminosae 
(Guignard, 1881a; Pantulu, 19^ 5), Polygonaceae (Engell, 1973), and 
Rubiaceae (Lloyd, 1899). This structural modification of the 
nucellus results when extended growth of nucellar tissue causes it 
to extrude through the endostome past the inner integuments either by 
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the action of a meristem localized in the nucellar epidermis 
(Bor and Bouman, 197^ ; Bor and Kapil, 1975) or by cell divisions 
in both the nucellar epidermis and the parietal cells (Bor and 
Bouman, 1974). 
Nucellar beak in legumes Guignard (1881a) compared 
the nucellar development in Cassia tomentosa to that of Cereis 
siliquastrum. In reference to the nucellus of Cere is siliquastrum, 
he noted that "...s'avance dans I'endostome et vient s'appuyer 
contre le tegument externe...."(it advances past the endostome and 
comes to lie against the outer integuments). Cassia tomentosa, 
in contrast, lacks any such extrusion. Pantulu (19^ 5) reported 
that ovules of Cassia occidentalis have a nucellar beak and 
implied that other (unnamed) caesalpinioid species exhibit this 
structure to the extent that he considered it a caesalpinioid 
trait. 
The literature which pertains to the legume ovule points out 
that megagametogenesis among caesalpinioid and papilionoid taxa 
appears to be uniform. With the exception of some minor differences 
in the time of polar nuclei fusion and in the relative persistence 
of the antipodals, most of the variation in legume ovule; structure 
appears to be localized in the ovule tissue which surrounds the 
megagametophyte» as in the examples to follow. 
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Nutrient transfer 
Starch grains have been observed in ovule tissue. Recent studies 
of legume ovules and embryos have traced shifts in the concentration 
of other nutrients and of plant hormones. 
legume ovule prefertilization Granules of starch are 
present in legume ovules as early as the functional megaspore stage 
(Guignard, 1881c, Acacia) and early in megagametogenesis (Cooper, 
1935» Medicago). The mature megagametophyte also contains starch 
granules (Martin, 1914, Medicago; Newman, 193^ » Acacia; Reed, 1924, 
Arachis hypogaea). 
Martin (1914) noted that starch granules are concentrated in 
the micropylar end of the nucellus and inner integument of Vicia 
americana and three species of Trifolium whereas in Medicago sativa 
starch granules are concentrated in the megagametophyte. Such 
differences in starch granule distribution may be the result of 
developmental factors rather than generic differences between Vicia, 
Trifolium, and Medicago. 
Legume ovule . postfertilization Takao (I962) recorded 
shifts in polysaccharide distribution during embryo growth. He 
found that in four papilionoid legumes (Glycine max, Phaseolus 
vulgaris, Pisum sativum, and Vicia faba) polysaccharides gradually 
disappear from the nucellus and increase in the inner integument 
and funiculus during growth of the proembryo. As the embryo 
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passes throvigh the heart-stage, the polysaccharides disappear 
from the inner integuments and decrease in the funiculus. 
Embryonic tissue The boundary between the embryo sac and 
the nucellus of Pisum (Marines, 1970) consists of extensions of the 
boundary wall into the liquid endosperm. Such wall ingrowths 
("transfer tissue" of Gunning and Pate, I969) appear active in 
nutrient transfer, first at interfaces between maternal and 
offspring tissue and later at less obviously differing tissue inter­
faces. Marines (1970) found that mitochondria are closely 
associated with these protrusions of the boundary wall. This 
proximity suggested to him that these may be areas of nutrient 
movement into the embryo sac. Adjacent nucellar tissue contains 
large intercellular spaces which he suggested are pathways for 
solute transport. 
In some legumes, the nutrient absorptive function is shared 
with extensive chalazal haustoria bounded by transfer tissue and 
with the embryo suspensor (Marines, 1970; Yeung and Clutter, 1978, 
1979). 
Legume suspensor Guignard (I88O) presented a detailed 
description of legume suspensors and described many variations in 
their anatomy. A recent and comprehensive review by Lersten (I983) 
detailed structural features of legume suspensors. This literature 
review will concentrate on legume suspensor function. 
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Awareness of the important nutritional function of the embryo 
suspensor was slow to emerge. Mirbel (1829) noted the presence of 
a "suspenseur" as part of the Lupinus embryo and proposed that the 
suspensor functioned in embryonic nutrition. Lloyd (I899) proposed 
that the function of the suspensor was not only to push the embryo 
into a more advantageous position within the embryo sac, but also to 
perform the absorptive functions of an embryonic root. The nutritive 
function of the suspensor was doubted by Schleiden and Vogel (I838). 
Their interpretation that the Lupinus suspensor formed from the pollen 
tube was consonant with their erroneous view of the masculine origin 
of the plant embryo. Another reason to cast doubt on the active 
participation of the suspensor in embryo nutrition is its ephemeral 
nature. Suspensor cells are senescent and apparently non-functional 
by the cotyledon stage of embryo development. Maheshwari (1950) 
states that the only function of the suspensor is to "...push the 
embryo into the endosperm, where it is surrounded by cells containing 
abundant food materials." Prevailing dogma was that the embryo 
suspensor anchors the embryo and maintains its proper placement 
within the embryo sac. 
Recent ultrastructural examination of legume embryos lend 
some support to the earlier assertion of Mirbel (1829) and 
Lloyd (I899) that the suspensor participates actively in embryo 
nutrition. In Phaseolus coccineus, as the suspensor cells undergo 
mitosis, wall ingrowths appear adjacent to the integumentary 
tapetum (Yeung and Clutter, 1978) and shortly thereafter similar 
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wall Ingrowths (transfer tissue) form on the inner cell walls 
between suspensor cells (Yeung and Clutter, 1979)• 
Seed and fruit Nutrients such as nitrogen are mobilized in 
the fruit and transported to the growing legume seed (Boulter 
and Davis, I968; Carasco et al., 1978; Schleiser and Muenz, 197^ )• 
The fruit of both Vigna and Phaseolus contains measurable amounts 
of nitrate reductase (Schleiser and Muenz, 197^ ) which functions 
in the catalysis of legume proteins. Carasco et al. (1978) speculate 
that the presence of nitrate reductase in maturing seed testa tissue 
and in the legume fruits of Phaseolus and Vicia indicate that 
nitrate rather than amino acids is the form in which nitrogen is 
transported from pods to growing seeds. They traced the source of 
legume seed proteins in Vigna unguiculata and Vicia faba and 
postulated that the mature ovary is the source of protein for 
the maturing seeds. That these ovary proteins are catabolized, 
transported to the ovule and later reassembled in the seed, is 
implied by data showing that the three major subunits of seed 
globulin are synthesized at different rates within the seed 
(Carasco et al., 1978). Similar globulins were found in the 
maternal components of the maturing Vigna seed by Boulter and 
Davis (1968). 
Hormone synthesis 
Embryonic hormone synthesis sites Several embryo tissues 
appear to be active in synthesis of plant growth hormones. The 
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endosperm, and later, the embryo axis, axe sources of plant growth 
hormones in Pisum sativum (Eeuwens and Schwabe, 1975)• Some other 
studies upon hormone synthesis sites in legume embryos are those 
of Alpi et al. (1975» 1979), Gionini et al. (1976), and Clutter 
et al. (1974). 
Fruit and seed The growth rate of the ovary wall depends 
upon hormones, such as gibberellic acid, auxins, and abscisic acid, 
supplied to it by the maturing seeds (Eeuwens and Schwabe, 1975, 
Pisum). Earlier work (Graebe, I968) noted that maturing seeds appear 
to be a major site for both hormone synthesis and accumulation, 
supplying some, if not all, of the hormones required for the 
growth of the fruit. 
Vascular tissue 
Prefertilization vasculature Takao (I962) noted 
differentiation of vascular tissue from procambial strands in the 
ovules of Glycine max, Phaseolus vulgaris, Pisum sativum, and 
Vicia faba. Reeves (1930) traced xylem vessels from the base 
of the funiculus into the chalazal region of the megagametophyte, 
in Medicago. 
Postfertilization vasculature Postfertilization seed 
vasculature has been reported to extend past the chalaza into the 
antiraphe, or, rarely, to extend from the funicular bundle towards 
the micropyle. 
32 
Fapillonolds Netolltzky (1926) noted that "in 
fast die Mikropyle...Vicia fata...." (in some cases the funicular 
nicht an der Chalaza halt, urn sich hier aufzufa,sern, sondern 
zieht ungeteilt weiter und erreicht unter Bildung eines Kreises 
fast die Mikropyle...Vicia faba..(in some cases the funicular 
bundle of the anatropous ovule does not stop at the chalaza, in 
order to separate into fibers, but grows further undivided and 
attains during growth a circuit almost to the micropyle...Vicia 
f aba 
Hardham (1976) found fully-differentiated vascular strands 
in Pisum seeds which, seven days after fertilization, extend from 
the carpel bundle of the ovary to the chalaza of the ovule. He 
also noted the presence of phloem strands branching from the 
funicular bundle and extending in the antiraphe towards the 
radicle of the developing embryo. 
Mimosoids Dnyansagar reported that as the embryo 
grows, the vascular strand extends past the chalaza and into the 
antiraphe, in several mimosoid seeds (1954c, Dichrostachys, 
Parkia; 1967.Desmanthrus, Prosopis; 1958, Acacia, Adenanthera, 
Calliandra). 
Gaesalpinioids Rau (1950a) described prominent 
vascular strands in the outer Integument of Cassia tora. He 
observed that at fertilization the vascular strand terminates at 
33 
the chalaza "but, with embryo development, strands of elongated cells 
appear, extend into the antiraphe, and differentiate as vascular 
elements. Rau noted that these vascular strands "...lack 
specialized structures such as sclerenchyma fibers, pigmented 
cells or oxalate crystals found by Netolitzky (1926)...." The 
Netolitzky paper cited by Rau was a comprehensive review of previous 
studies of angiosperm seed structure. The work in Cassia to which 
Rau refers was actually done by Ebert (190?) with seeds of 
Cassia tora. 
Cercideae Van Tieghem (1872) cited the genus 
Bauhinia as an example of a taxon with seeds having an abrupt 
termination of vascular tissue at the chalaza. Corner (1951) and 
Kopooshian (I963) noted this abrupt chalazal termination in 
Bauhinia and Kopooshian also observed the same feature in seeds 
of Cercis. They (Corner, 1951» B. purpurea; Kopooshian, I963, 
B. variegata) noted another feature of seed vasculature in these 
taxa: the presence of a short extension of vascular tissue from 
the funicular bundle towards the micropyle. 
Complex seed vasculature Le Monnier (I872) described and 
figured very complex vascular systems in the seed testa of many 
aJigiosperm taxa. Legumes illustrated by him (Cicer arietinum, 
Lablab vulgaris, Phaseolus vulgaris, Sophora secundiflora, and 
Swartzia possiera) show a seed testa vasculature almost as complex 
3  ^
as that of leaves. Corner (1951) also Illustrated complex seed testa 
vasculature in papilionoids (Canavalia, Erythrina, Milletia, and 
Mucuna) and in a caesalpinioid (Pentaclethra). Many details of 
these observations seem not to have been duplicated since because 
further reports of such work are not included in more recent literature. 
Reproductive Biology 
Gercideae has not only evolved many seed characters considered 
unique within the legumes but also reproductive strategies such 
as andromonoecism, dioecism, and heterostyly which are unusual in 
caesalpinioids. There also appear to be some specific inter­
relationships between Gercideae taxa and certain pollinators. 
Pollination biology 
Ghiropterophilous vs. ornithophilous flowers Van der Fiji 
(1961) compiled an excellent review of the literature concerned 
with pollination adaptations. He made two generalizations 
pertinent to Bauhinia. First, that chiropterophilous flowers 
usually have white or drab colors, large strong flowers or 
inflorescences, large quantities of nectar (up to I5 cc) per flower, a 
fermented odor, large anthers with copious pollen, nocturnal anthesis, 
and an unusual position outside the foliage. This position, he 
proposed, allowed bats to alight and depart easily. Second, he 
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described ornithophilous flowers as odorless and "brightly-colored, 
lacking honey guides, having a deeply-placed nectary with large 
qua.ntities of nectar, diurnal anthesis, and possessing a tendency 
to tubular corollas and mechanical strengthening of the floral parts 
through fusion. 
Floral adaptations, protective Grant (1950) was concerned 
with floral modifications which protect the ovule from destruction by 
large animal pollinators. He stated that the main adaptation is the 
separation of the target nectary from the ovary with its vulnerable 
content of ovules. This separation can be vertical, with the ovary 
beneath or above the nectary; or horizontal, with the ovary protected 
by a sheath of fused stamen filaments and the nectar stored in a 
spur to one side of the ovary. He mentioned that, in flowers 
pollinated by bats, the ovary is often stipitate whereas in flowers 
pollinated by birds, the ovary may be either inferior, stipitate, or 
protected from damage by a stamen column or by a nectar spur. 
Andromonoecism and dioeciousness Arroyo (I98I) interpreted 
both andromonoecy and dioeciousness as primarily selective responses 
to "...pollen loss contingent with the evolution of pollination 
mechanisms employing large animals, secondarily as a means of increasing 
pollen to ovule rations where pollinator activity is low and higher 
numbers of pollen grains must be transferred per pollinator visit 
in order to maintain a determined level of seed set." 
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Heterostyly The term heterostyly was first used by Hildebrand 
(I867) to describe that breeding mechanism by which plants in the 
same species possess as a mechanism which facilitates insect cross-
pollination, two or three ratios of stamen to ovary length. Darwin 
(I877) ad.opted Hildebrand's terminology. Vuilleumier (I967) cited 
Vogel (1955) as the single reference to heterostyly in legumes. 
This reference was to Bauhinia, the only legume included in Vuilleumier's 
survey of 26 families and 137 genera of angiosperms known to have 
heterostylous flowers. 
Pollination biology, Cercideae 
Arroyo (I98I) reviewed reproductive strategies in legumes. 
Cercideae and Cassieae are cited, in her review, as exceptions to 
the rule that caesalpinioid legumes have flowers which have less 
specialized pollinator requirements than those of the other two 
legume subfamilies. She lists Bauhinia purpurea, B. racemosa, and 
Griffonia speciosa as ornithophilous, i.e. bird-pollinated; Bauhinia 
megalandra (cited from Hart, 1897)» ^  pauletia (cited from Heithaus 
et al., 1973)» and ^  rufa as chiropteraphilous, i.e. bat-pollinated; 
B. galpinii as psychophilous, i.e. butterfly-pollinated; and 
B. macranthera along with many other Bauhinia species as sphingophilous, 
i.e. moth-pollinated. This latter pollination mechanism, she noted, 
is otherwise rare in Leguminosae, with the exception of the mimosoid 
tribe Ingeae. She also noted that chiropterophilous Cercideae are 
abundant in the New World tropics but unknown in the Old World. 
37 
Andromonoecism According to Percival (197^ ) Bauhinia divaricata 
has andromonoecious racemes with 60% male and kOffo perfect flowers. These 
very fragrant flowers have an amazingly concentrated nectar consisting 
of sugar. The perfect flowers have a 13 mm-long stajninal tube 
formed from fused staminode filaments, a single fertile stamen 30-^ 0 mm 
long and an exserted style of equivalent length. Heithaus et al. (1973) 
thought it likely that andromonoecy in ^  pauletia is an adaptation to 
pollination by bats. The perfect and male flowers, like those of B. 
divaricata, are combined in racemes and produce copious pollen together 
with large amounts of nectar of high sugar content. 
Dioecism Wunderlin (1973) mentioned that some dioecious species 
of Bauhinia, for example ^  macranthera and species in the subsection 
Piliostigma, are pollinated by hummingbirds. This is in direct conflict 
with Arroyo (I98I) who reported ^  macranthera to be moth-pollinated. 
Heterostyly Vogel (1955) observed that Bauhinia subsection 
Tylosema was typically heterostylous and that this tendency combined, 
in Bauhinia burkeana, with a trend towards dioecism. Coetzer and Ross 
(1977) cited other references to heterostyly in Tylosema, a segregate 
genus from Bauhinia sensu lato. Brenan (I967) reported that 
Tylosema fassoglense and T^  argentea are heterostylous. 
All heterostylous Bauhinia species reported to the present time 
are native to southern Africa. 
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Insects as seed predators 
Usually, a single family of insects, or even a single insect 
species, is the exclusive predator on seeds of a single plant genus 
or species. When this high degree of specificity exists, the plant 
taxon evolves defenses against that insect parasite. Some of these 
defenses influence seed anatomy. 
Seed defense mechanisms, legumes Janzen (I969) remarked 
that papilionoid legumes invest large amounts of energy in forming 
chemical defenses against seed parasites whereas caesalpinioid seeds 
utilize simple, energy efficient morphological and phenological 
defenses against seed predators and parasites. 
He further observed that, based on a sample of 36 species, 
there are three main features distinguishing woody Central American 
legumes whose seeds are parasitized by Bruchidae. The vulnerable 
species have larger seeds, a smaller number of seeds, and a 
lower weight of seeds per seed crop per unit of canopy, than do 
the resistent species. He proposed the following as the evolutionary 
mechanism responsible for these differences. A large number of plant 
species per unit area correlate positively with a low number of host 
plants per unit area. The smaller the volume of substrate a host tree 
provides, the smaller the total insect population. 
Seed defense mechanisms, caesalpinioids On a different level 
of organization, the anatomy of individual seeds may determine the 
success or failure of parasitization efforts. 
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Bruchidae larvae parasitize legume seeds, including those of 
Bauhinia (Bridwell, I9I8; Wunderlin et al., I98I) and Cassia 
(Bridwell, 1919) • Females lay their eggs on the seeds after 
piercing the fruit with their ovipositors (Janzen, I969). 
Mechanisms which prevent Bruchidae from successfully parasitizing 
the seeds of two caesalpinioid taxa were described by Bridwell 
(I9I8, 1919)' In Bauhinia monandra, a layer of material on the 
seed surface swells when the fruit opens, detaching any Bruchidae 
eggs before the larvae can hatch and penetrate the seed testa. 
In Cassia nodosa, the larvae hatch successfully but subsequently 
perish because they are unable to penetrate the thick albumen 
layer present on these seeds. Bridwell (1919) termed this the 
"copious albumen defense." 
Intrinsic factors delaying germination 
Seed germination is prevented by conditions inherent in the 
seed testa, such as impermeability to water, low permeability to 
gases, and mechanical resistance to embryo growth, as well as by 
conditions inherent in the embryo such as the presence of physiological 
dormancy maintainers, and embryo immaturity. These were all 
considered to be causes of seed dormancy,to be overcome by after-
ripening, according to Crocker (I9I6). He defined after-ripening 
as "...those changes which must occur in the dormant seed before 
germination is possible." His work was a necessary prelude to the 
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evaluation of the relative importance of different dormancy factors, 
in different plant taxa, although he failed to make any distinction 
"between hard seeds and dormant seeds. The research efforts of 
Nikolaeva may "be one of the reasons this distinction was later 
perceived as a necessary prologue to the productive analysis of 
factors maintaining dormancy in seeds. Nikolaeva (1950a, h) 
defined seed dormancy as a condition inhibiting germination but 
further differentiated properties of the outer covers of the 
embryo, which are countered by those presowing treatments which 
increase seed permeability and leach out germination inhibitors, from 
any embryonic properties such as the physiological qualities or 
underdevelopment of the embryo, which are overcome by stratification. 
She termed these latter conditions, overcome by stratification, as 
physiological seed dormancy factors (I969) and further proposed that 
deep dormancy was maintained by factors originating in the embryo 
itself whereas non-deep dormancy was maintained by factors originating 
in the endosperm. 
Immaturity of the embryo When embryo underdevelopment prevents 
germination, this can be counteracted by a presowing treatment of 
warm stratification of the moist, i.e. imbibed, seeds, followed by 
a period of cold stratification. Nikolaeva (I969) reasoned that this 
is because embryo growth must begin prior to cold treatment if the 
seed is to successfully emerge from dormancy during cold stratification. 
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She found, in addition, that there may "be two or three separate 
periods of imbibition and cited, as an example, the situation in 
ginseng and some other Araliaceae having a rudimentary embryo. 
In these taxa, the seeds must be stratified at alternating warm 
and cold temperatures. Under warm stratification, the embryo 
begins growth immediately after imbibition and continues to grow 
until it fills the seed cavity. Embryo growth then ceases, resuming 
only after the seed is exposed to low temperatures. A second period 
of imbibition follows and growth then continues, through germination, 
to the seedling stage. She also noted that these early periods of 
embryo growth are usually too slight to be indicated by any notable 
increase in dry matter. Cytohistological studies during dormancy 
treatments are a valuable source of data relative to the changes in 
the embryo during after-ripening. 
Pollock and Olney (1959) found mitotic activity in the hypocotyl 
of the cherry embryo early in the warm stratification period. 
Lodkina (I966) related cytohistological changes in the embryo axis 
of Euonymous europea during release from dormancy. This species has 
the same precise requirements for sequential periods of hydration and 
temperature regimes as that previously cited for Araliaceae. At the 
end of the period of warm stratification, following the first increase 
in seed hydration, embryo growth was indicated by the presence of 
mitotic activity throughout the embryonic axis as the embryo increased 
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in size- to fill the seed cavity. During the second period of 
embryonic growth and seed hydration, following initiation of cold 
stratification, mitotic activity was limited to the hypocotyl. 
Seed dormancy, legumes Watson (1948) examined seeds of 
Trifolieae and Loteae in the attempt to correlate physical 
attributes of the seed testa with impermeability. At the 
conclusion of his study, Watson stated that there is no 
structural difference between non-dormant and dormant seeds 
of Trifolieae and Loteae. Since no structural feature is 
correlated with either dormancy or non-dormancy, he concluded that 
structural features did not cause dormancy. He was right, but for 
the wrong reason. He considered dormancy and impermeability to 
be synonymous, which they are not. Structural features of the 
testa do not cause dormancy. They do, however, have some bearing on 
impermeability. In addition, his choice of experimental material 
was unfortunate because the papilionoid tribe Trifolieae has genera 
with seeds combining hard-seededness ( i.e. impermeability) with 
true dormancy (the deep dormancy of NUcolaeva, I969). Moreover, 
the strength of the dormancy mechanisms often varies with individual 
seeds (Quinlivan, 1971 i Q,uinlivan and Nicol, 1971» Trifolium; Martin, 
1945, Melilotus). This feature is believed to have evolved because it 
spreads seed germination over several years following the initial 
release of the seed crop, thus reducing seedling competition (Quinlivan, 
1971, Trifolium). 
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Seed dormancy, Gercideae Seeds of the northern temperate 
Oercideae genus, Gereis, are true dormant seeds "because when treatment 
to render the seed coat permeable to water allows imbibition, germination 
does not proceed normally and seedling growth is absent. Dormancy 
factors are present in the embryo itself. Afanasiev (19^ ) found 
that, in Gereis canadensis, the embryos remained dormant even after 
removal from the seed. These excised embryos were phototropic, 
geotropic, and chlorophyllous, but never developed to the seedling 
stage, even 716 days after excision. A specific cold treatment was 
necessary before the embryo could be fully released from dormancy 
and normal growth could begin. 
Fordham (1965) found that dormancy factors varied and that 
seed after-ripening requirements also varied, at both the intergeneric 
and the interspecific level, in four species of Gereis and two species 
of Oladrastis. 
The tropical genera of Gercideae do not appear to have such 
dormant seeds. After the "hard" seed testa is rendered permeable 
to water, imbibition follows and, within a short time, germination 
takes place and seedlings develop (Ganington, 1980). 
Floral bud dormancy, Gercideae Dormancy has become well-
established in both the floral buds and seeds of Gereis, perhaps 
because dormancy maintains viability during periods of low temperature. 
Moore and Behney (I9O8) reported in a short, concise note that all but 
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one of six species of native temperate spring flowering trees formed 
microspore mother cells by the latter part of October but that these 
remained dormant over the winter. In these five species, including 
Gereis canadensis, meiosis occurred in mid-April of the following year 
with mature microspores present three days later. In Cornus florida, 
the single exception, the winter dormant floral buds contained 
microspores, microsporogenesis having been completed in late 
August of the previous year. Dahlgren later verified these 
observations and contrasted them with microsporogenesis in tropical 
woody plants. In the latter, microsporogenesis proceeds rapidly from 
microspore mother cell through meiosis and maturation of microspores 
into binucleate pollen. 
Hard seeds 
Testa impermeability combines with establishment of low moisture 
conditions within the seed to maintain embryo viability, in hard seeds. 
Villiers (1972) made the point that when a physical factor such as 
seed testa impermeability is the only restriction to germination, 
then such seeds are more accurately termed quiescent rather than 
dormant. 
Establishment of low moisture conditions, papilionoids In a 
classic and often-cited paper, Hyde (195^ ) observed that hard seeds 
tended to have a moisture condition in equilibrium with the lowest 
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relative humidity to which they had been exposed. He noted that, 
during seed ripening, the epidermis became impermeable at about 
moisture content with further seed dehydration occurring only when 
water vapor diffused through the hilum. His proposal that the 
hilum of papilionoid legume seeds is a hygroscopically activiated 
valve has not yet been contradicted. 
Establishment of low moisture conditions, caesalpinioids As 
Gunn (I98I) pointed out, however, there is a problem in applying 
the papilionoid hilar mechanism of seed desiccation to seeds with 
less specialized hilar structure, such as the caesalpinioid 
legumes. 
Establishment of exotesta impermeability, legumes It was 
demonstrated by Marbach and Mayer (197^ ) that Pisum elatius seeds 
dried under anaerobic conditions remained completely permeable to 
water. They noted structural differences between air-dried seeds 
and seeds dried in an oxygen-free environment. As a result of these 
observations, they hypothesized that the seed testa becomes impermeable 
to water when phenolic compounds present in the seed testa are 
oxidized in an aerobic process catalyzed by catechol oxidase. 
Later work (Marbach and Mayer, 1978) further implicated phenolic 
compounds in the establishment of seed testa impermeability and 
catechol oxidase as the critical enzyme in the formation of these 
phenolic compounds. In related work, Rolston (1978) observed that 
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seed coat browning was dependent upon oxygen available to the seed in 
later stages of seed desiccation. Darkening of the exotesta was 
due to the presence of these phenolic compounds. 
Other correlations between impermeability and seed testa color 
include the study by Bredemann (1938) in which it was reported 
that yellow-seeded plants of European lupine have 100% hard 
seeds with seed coats impermeable to water, whereas white-seeded 
forms of the same species produce almost no hard seeds. 
These results are partially contradicted by Slattery et al. 
(1982). They found that, although darkening of the testa of 
Trifolium subterraneum seeds is indeed associated with the 
oxidation of phenolic compounds in the presence of catechol 
oxidase, as proposed by Marbach and Mayer (1978), the occurrence 
of seed coat impermeability in subterranean clover is independent 
of phenolic content. They also found that anaerobic conditions 
inhibited seed coat darkening only when very young seeds were 
treated. They established that, in T_^  subterraneum, impermeability 
occurs much later in development than does the darkening of the seed 
testa. They also mention that previous work with soybean (Woodworth, 
1933) showed linkage between the genes controlling seed testa color 
and impermeability. They do not explain their own observations 
regarding color in both impermeable and permeable %. subterraneum 
seeds within the context of linkage between seed testa color and 
impermeability in soybean. 
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Impermeability and germination, legumes Evenari and Gutterman 
(1966) and Evenari, et al. (I966) found that in the papilionoid, 
Ononis, differences in seed coat color were correlated with 
differences in day length during seed maturation. They observed that 
long-day seeds were more "strongly dormant" than short-day seeds of 
the same species. 
Trivedi et al. (I98O) also noticed that seed coat differences 
were correlated with day length during seed maturation in the 
caesalpinioid, Bauhinia. They observed that three long-day Bauhinia 
species had shiny seed coats whereas three short-day Bauhinia species 
had dull, rough seed coats with thin, permeable layers of cuticle 
covering the outer testa. The long-day seeds were more resistant 
to "breaking dormancy" and this trait was attributed to the thicker 
layer of cutin covering the exotesta of these long-day seeds. 
In both these studies, dormancy was inaccurately defined as 
simple resistance to the beginning of imbibition. Once imbibition 
began, germination occurred within 48 hours, in both long-day and 
short-day seeds of Bauhinia and in the Ononis seeds, regardless of 
seed testa color. After germination, growth proceeded normally. 
Seed maturity and germination LaSota et al. (1979) 
reported that long-day seeds of Ononis germinated more quickly 
than did short-day seeds. They noted that both seed classes were 
the same color but differed in weight, the long-day seeds being 
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heavier than the short-day seeds. This disparity in Ononis seed 
germination, "between Evenari et al. (I966) and LaSota et al. (1979) 
is puzzling. Perhaps the long-day seeds used in the LaSota et al. 
study were not completely mature. Partial maturation of the long-
day seed testa would correlate with lack of color difference "between 
long-day seeds and short-day seeds. In the long-day seeds, final 
maturation is accompanied "by darkened color and impermeability. If 
the light colored long-day seeds began imbibition quickly because 
impermeability was incomplete, then relative embryo maturity, as 
indicated by seed weight, would be the critical factor in germination 
speed. The heavier seeds, having more mature embryos, would be more 
likely to germinate quickly. 
Mature Legume Seed 
The mature seed is composed of parental sporophyte or non-embryonic 
tissues derived from the integuments and funiculus and of daughter 
sporophyte or embryonic tissues derived from the fertilized egg 
and the primary endosperm nucleus. This next section concerns the 
mature legume em"bryo and seed testa. 
Embryo shape 
De Candolle (I825) noted that, among legume taxa, the papilionoid 
embryos representative of his su"bfamily Gurvembrieae have an elongate, 
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curved radicle whereas embryos of the caesalpinioid-mimosoid legumes 
representative of his subfamily Rectembrieae have short, straight 
radicles. Later workers, i.e. Bentham and Hooker (1865)f Taubert 
(I894), Kopooshian and Isely (I966), and Gunn (I98I) have not 
disputed this early generalization. 
Isely (1955) described the mimosoid-caesalpinioid embryo in 
more detail as "...straight, with large cotyledons, a short 
straight radicle-hypocotyl axis with radicle tip only slightly 
exceeding lower margin of basally cordate cotyledons largely 
investing axis." 
Kopooshian (I963) examined seeds from 111 genera and 213 species 
representing the three subfamilies of legumes. After examining seeds 
from a few (2-3) species of Bauhinia, he maintained that the embryo 
shape of this genus does not fit the typical caesalpinioid-mimosoid 
pattern because the radicle is longer and narrower than is usual 
in most caesalpinioids. 
Albumen, endosperm vs. perisperm 
Schleiden and Vogel (I838) noted that "...contrary to the 
assertion of Adanson, Jussieu, and De Gandolle, we have found 
albumen in all sections of Leguminosae, according to De Gandolle's 
classification of the genera, indeed, in the majority of genera." 
They did admit that the distribution of albumen in legume seeds 
varies in extent, sometimes being very slight. 
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They also appear to have been the first to have proposed that the 
term "perispermium" "be reserved for the albumen originating from the 
nucellus and that "endospermium" be reserved for albumen originating 
from the embryo sac (Schleiden and Vogel, I838). They thought this 
a useful proposal because, "These expressions have already been 
applied, by various authors, to the albumen in general without 
distinction as to its origin, but in this way, coupled with a definite 
concept, they can be preserved for scientific nomenclature; while 
albumen denotes the general conception aind can be used particularly 
in those cases where, ignoring the history of development, the nature 
of the origin is not yet determined." Unfortunately, their carefully 
circumscribed proposal has not been followed. There continues to be 
a general tendency to typify as endosperm all food storage tissue, 
regardless of tissue origin, in seeds of plant families other than 
the Gentrospermae (Gunn, 1981). 
Kopooshian (I963) conducted a survey of legume seeds, at low 
magnification. From his illustrations, it appears that what he terms 
endosperm occupies the entire space between a rather thin seed coat 
and the embryo. If he was indeed designating, as endosperm, the 
entire seed between this outer seed coat and the embryo, then at 
least part of what he terms endosperm would include tissue derived 
from the parental sporophyte tissue of the outer integument. Since 
Kopooshian does not mention having determined the tissue of origin 
by ontogenetic study, it may have been more useful to designate any 
obvious food storage tissue as albumen. 
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Seed testa 
Spermoderm has often been used to describe the non-embryonic seed 
tissue (Gunn, I98I; Le Monnier, 1872; Maisel, 190?; Vfinton, I9I6) as 
well as the similar term sporoderm, used by Trivedi et al. (1978a, 
1978b, 1979» 1980). These terms have somewhat misleading implications. 
Seed testa was used by Robbertse (1973, 1975) and will be used here 
because it is descriptive, both of the organ involved and of the 
relative thickness of this parental sporophyte portion of the seed. 
The recorded interest in the anatomy of legume seed testa began 
with Malpighi (1675)1 who studied the seed anatomy of Vicia, Pisum, 
Lupinus, Phaseolus, Gicer, and Ervum. He observed that the legume seed 
testa contains three distinct layers. Grew (I685) was in disagreement, 
finding only two, but Pitot (193^ ) remarked that, with the rudimentary 
tools then available, their observations were limited. Actually, their 
disagreement appears to have had a factual basis. Mattirolo and 
Buscalioni (I892) pointed out that Grew used immature Vicia faba seeds 
whereas the seeds used by Malpighi were mature. Indeed, the illustration 
in Grew does appear to be of immature seed testa. Beck (I878) found 
only two distinct layers in the seed testa of Vicia and Rrvum. His 
illustrations, like those of Grew, also appear to be of relatively young 
and undifferentiated seed testa. Ghalon (1875), Brandya (I89I), and 
Holfert (I89O) agreed with Malpighi that the legume seed testa contains 
three layers; Pammel (1899) and Le Monnier (I872) differentiated four 
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testai layers while Harz (1885b), Haberlandt (1877)f and Sempolowski 
(1874) described five distinct layers in the legume seeds they 
examined. Mattirolo and Buscalioni (I892) established that there 
were three layers in the legume seed testa but that the central 
layer, the "strato profundo" of the mature seed, could be subdivided. 
This review will proceed under the assumption that there are 
three layers in the legume seed testa but that any one of these 
may be further subdivided, through cellular differentiation, 
without loss of its original integrity. 
Seed testa layers, legumes The terms exotesta, mesotesta, 
and endotesta were used by Eobbertse and van Teichman (1979) to 
describe the main divisions of Acacia redacta seed testa. Because 
differences in derivation, appearance, .and function readily separate 
these three layers from each other, it is logical to formalize them 
by nomenclatorial designation. 
Exotesta This layer is composed of a layer of macrosclereid 
cells which differentiate from the outer epidermal layer of the 
ovule, more specifically, the epidermis of the outer integument at the 
antiraphe and the congenitally fused funiculus at the raphe. The 
subjacent hypodermal layer differentiates into osteosclereid cells 
in almost all legumes. 
Mesotesta The mesotesta components, variously modified, are 
originally derived from the middle layers of the outer integument and 
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from the corresponding layers of the funiculus, at the raphe. 
Cells of the mesotesta often function as food storage cells 
(Mattirolo and Buscalioni, 1892). 
Mesotesta subdivisions Mattirolo and Buscalioni (1892) 
subdivided the "stràto profundo " or "central layer" (the mesotesta) 
into three parts. They termed these three subdivisions the "piano 
superficiale" (outer soft layer), the "piano mediano" (middle 
soft layer) and the "piano interio o profundo" (deep soft internal 
layer). This central layer of "strato profundo" had been termed 
the "zones profonde" by Ghalon (1875)» the "strato parenchimatoso" 
by Malpighi (1675), the "NShrschichte" or nutrient layer by 
Holfert (I89O) and Tschirch (I89O), and the "mesophyll" by 
Ghowdhury and Buth (1970), Corner (1951 » 1976), Robbertse (1973) 
and Vassal (1973)• It has also been frequently termed the pigment 
layer because of the unusual amount of pigment deposited there, by 
Harz (1885b) and Pammel (1899)' 
Mesotesta as nutrient layer One function of this structure, 
in the immature seed, is described by its designation as the 
"Nâhrschichte" or nutrient layer. Pammel (1899) mentioned finding 
starch, protein, and alkaloids in this layer, in addition to such 
pigments as tannins and anthocyanins. Harz (1885b) designated this 
layer the pigment layer because it contains tannins and anthocyanins, 
and Brandya (I89I) diagrammed the location of such tannin-containing 
cells. In the mesotesta of Phaseolus vulgaris. 
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Mesotesta, other functions The mesotesta also provides a 
site for vascular tissue and mechanical support to the seed 
(Tschirch, I89O). The walls of this layer may thicken and 
harden, in Mucuna, as the cells fill with air, thus increasing 
buoyancy in water and acting as a flotation device (Pammel, 1899)-
In contrast, mesotesta cells in 14 papilionoid legumes were 
observed to contain deposits which completely filled the cell 
cavity (Chowdhury and Buth, 1970). 
Pigment layer vs."NHhrschichte" According to Pammel (1899) 
the pigment layer of Harz (1885b) and Tschirch (I89O) were synonymous 
with the Nâhrschichte of Tschirch (I890). That this may not have 
been an exact synonymy was implied by some observations by 
Mattirolo and Buscalioni (I892). They remarked that, to Tschirch, 
the pigment layer was the macrosclereid layer and that the"Nâhrschichte" 
was located directly beneath, not above, the osteosclereid layer. 
The functions which Tschirch listed for the "Nâhrschichte" indicated 
that this structure is equivalent to the entire mesotesta, perhaps 
minus the hypodermal or osteosclereid layer. The pigment layer of 
Harz (1885b) does appear to be synonymous with the "Nâhrschichte" of 
Tschirch (I890) but not with the pigment layer of Tschirch (I890). 
Endotesta According to Robbertse and von Tiechman (1979), 
the endotesta includes only the "...thin-walled, elongated cells 
of the inner layer of the outer integument, pressed against the 
remnants of the inner integument." 
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There are two notable exceptions to the generalization that the 
inner integument disappears during seed testa maturation. Sterling 
(195^ ) observed that, in lima bean, the outer layer of the inner 
integument divided periclinally to form four cell, layers. At the 
same time, the adjacent inner two cell layers of the outer integuirient 
divide, repeatedly, to form 15 cell layers of "mycoidal armed 
parenchyma cells." Such cells, found in some Phaseolae, are 
elongate, almost hypha-like. Sterling reported that these 19 cell 
layers, four derived from the inner and I5 from the outer integument, 
are compressed during subsequent embryo growth. Thomson (I96O) 
observed that, in Onobrychis viciifolia, cells of the inner integument 
become thick-walled and form the inner layer of the testa. 
Seed testa re. Corner 
Whereas I will not use the terms in the following sense, another 
usage of exotesta, mesotesta, and endotesta should be mentioned here. 
Corner (1976) seems to conceptualize each integument as a 
modified leaf. This view leads him to assign both outer and 
inner integuments their own individual upper and lower epidermis, 
separated by one or more layers of mesophyll tissue. 
Tegmic vs. testai seed He divided angiosperm seeds into 
two groups based upon which integument was the source of the 
"mechanical layer" of the mature seed. The mechanical layer 
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can be Interpreted as the outer strengthening and supporting 
layer of the mature seed. If the outer integument is the tissue 
source of this mechanical or strengthening layer, Corner calls it 
a testai seed, and if the source of the mechanical layer is the 
inner integument, he calls it a tegmic seed. 
Testai seed types When, as in legume seeds, "...the 
mechanical layer occurs as a palisade of radially elongate cells 
differentiated from the outer epidermis of the outer integument..." 
the mature seed is termed, by Corner, an exotestal seed. Similarly, 
in the mesotestal seed the mechanical layer originates from the 
"mesophyll" and in the endotestal seed from the inner epidermis of 
the outer integument. 
Seed testa cell types, macrosclereids 
These elongate, thick-walled epidermal cells usually have a 
centrally located "light line" or area where the light is refracted 
in a manner different from that of the rest of the cell. Originally 
called Malpighian cells by Targioni-Tozzetti (1855) in honor of the 
original description by Malpighi (1675)» several other descriptive 
terms have been used; epidermal cells (Schleiden and Vogel, I838), 
palisade or epidermal cells (Sempolowski, 1874), epidermis (Strandmark, 
1874), carapace (Chalon, 1875), prism layer "Prismenschichte" or 
prism cells (Haberlandt, 1877; Junowicz, 1877), hard layer 
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"Haxtschlchte" or hard cells (Beck, I878; Russow, I873)» and palisade 
cells (Beck, I878; Harz, 1885a; Najdelmann, I89O; and Zimmermann, I936). 
More recently, Malpighian cell and palisade cell have been used 
interchangeably with macrosclereid cell. 
Pammel (1899) objected to the term palisade cell as a descriptive 
term for the exotesta cell because palisade cell already designated 
a specific type of leaf cell with definite functions and with con­
notations of shape, size, and contents inappropriate when applied to 
the cells of the legume exotesta. He substituted the term malpighian 
cell, as more historically accurate. 
Tschirch (I89O) had earlier proposed the term sclerid for those 
mechanical elements which are much shorter than bast cells, as a 
rule not fusiform but blunt, having walls often greatly thickened, 
stratified, and lignified with oval or rounded pits. He subdivided 
sclerids into brachysclerids, macrosclerids, osteosclerids, and 
astrosclerids. Further, under macrosclerids (macrosclereids), as 
elongate cells with blunt ends, he includes the palisade cells of 
leguminous seeds. 
The terra macrosclereid is more useful than either palisade 
or malpighian cell because it describes both the size and type of 
cell in the legume exotesta, because it has none of the confusing 
connotations of the terra palisade cell, and because it is consonant 
with the term osteosclereid as the descriptive term for the hypodermal 
layer of most legume seeds. 
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Macrosclereid length Netolitzky (1926), in an exhaustive 
review of literature pertaining to angiosperm seeds, noted that 
Chalon (I875) had very early set the limits of macrosclereid length 
in legumes at a minimum of 18 in Trifolium seeds and an upper 
limit of 320 um in seeds of Cassia fistulosa. Macrosclereid 
length is consistent, within species (Chowdhury and Buth, 1970). 
The length of the macrosclereid is proportional to the size of the 
seed (Mattirolo and Buscalioni, I892). But these generalizations 
do not completely explain the observed facts. Legume seeds have 
macrosclereids of different lengths at various points on the seed 
testa (Lersten, 1979. 1981a; Lersten and Gunn, I98I, 1982). Indeed, 
illustrations from legume seed studies have always shown much 
variation in macrosclereid length at different points on the 
the same seed. Meaningful data on macrosclereid lengths would 
have to be measured at the same position on the mature seed. 
Macrosclereid tip The outer tip of the macrosclereid cell 
has a narrower lumen than the base of the cell (Pammel, 1899)» 
Macrosclereid cells of the legume testa have at least two kinds 
of outer tips. 
Outer tip, papilionolds and mimosoids Werker et al. 
(1973) removed the cutin on Prosopis farcata exotesta and showed the 
top view of the macrosclereids minus this cutin cover to be blunt-
tipped . The initiation of secondary thickening of the outer tangential 
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wall could te observed. Several successive layers of secondary wall 
thickenings were evident. A similarly blunt-tipped, thick, layered 
outer cell wall was illustrated by Miller (196?), in Grotalaria. 
Outer tip. Cassia A completely different type of 
macrosclereid tip, termed "spicules", was described in Cassia 
fasciculata (Arnholt, I969). These "spicules" are enveloped 
laterally by cellulosic matrix in a cuticularized layer. This 
type of deposit has been described as typical of the cutin deposited 
close to the cell wall (Esau, 1977)• Arnholt (I969) reasoned that 
these Cassia "spicules" are composed of cutin because they retain 
safranin whereas the material which surrounds the spicules is 
probably of cellulosic composition since it loses safranin and 
has a strong affinity for fast green. 
His illustrations show a macrosclereid with a light line placed 
immediately beneath the several "spicules", which arch together at 
the tip. 
Outer tip, Cercis The same type of "spicule" tip was 
observed in another caesalpinioid legume, Cercis siliquastrum 
(Valenti et al., 1979)' They show macrosclereids with ragged 
cell walls extending into the exterior layer of cutin. The 
light line is also placed close to the outer surface in this 3 
species. 
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Li^ ht line, legumes Junowicz (187?) observed the light line 
in macrosclereid cells of mimosoid and papilionoid seeds but did 
not mention its presence in caesalpinioids. Mattirolo (I885) noted 
that the light line is a constant property of the legume exotesta. 
Light line, proposed causes Early authors proposed various 
causes for that phenomenon labeled the light line. Targioni-
Tozetti (1855) "believed that it formed from canalicules or breaks 
in the cell wall. Sempolowski (187^ ) postulated that localized 
cuticularization of the cell wall chajiged the wall features and 
resulted in a light line. Haberlandt (1877) proposed that a greater 
density and lack of water at this point in the cell was the cause of 
the light line. Junowicz (I878) stated that the light line results 
from differential refraction at this point in the cell wall. 
Mattirolo (I885) established that a deposit of chemically modified 
cellulose is formed at the light line, and this deposit reacts to 
light differently than the rest of the cell wall. 
Reeve (1946a, b) and Spurny (l95^ a, b, c) studied macrosclereids 
in Pisum sativum. Reeve concluded that the light line was a 
phenomenon of light refraction and noted that the crystallite 
orientation at the light line is perpendicular to the cellulosic 
fibrils in the other parts of the cell wall. He also stated that 
the significance of the light line rested .in its thicker walls. 
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Spurny (l9^ a, b, c) observed, that the light line becomes structurally 
more evident as the macrosclereid cell lumen shrinks towards the basal 
part of the cell and proposed (195^ b) that the light line might 
increase exotesta impermeability to water. 
Scott et al. (1962) examined the seeds of another legume, 
Gercidium, and showed that the light line has a transverse 
orientation of microfibrils, in contrast to the dominantly parallel, 
longitudinal orientation of microfibrils elsewhere in the wall. 
Later, Miller (I967) studied seeds of Grotalaria and decided that 
the light line was not a definitive structural entity but rather an 
artifact of light resulting from differences in the refractive index 
in this portion of the thick secondary wall. But differences in 
refractive index at the light line must be the result of differences 
in structure. And according to Scott et al. (I962) the orientation 
of microfibrils, parallel to those of the rest of the macrosclereid 
wall, accounts for observed differences in light refraction under 
polarized light. 
Seed testa cell types, osteosclereids 
The osteosclereid cells (osteosclerids of Tschirch, 1890) 
differentiate from hypodermal cells directly below the exotesta. 
They differentiate synchronously to, or only slightly later than, 
the macrosclereid cells, in Phaseolus vulgaris (Brandya, I89I). 
Corner (1951• 1976) and Gunn (I98I) are only the latest to have 
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remarked that a seed testa which contained both this layer of 
specialized hypodermal cells and exotesta composed of macrosclereids 
with a "linea lucida" (light line), were diagnostic of legume seeds. 
Corner (1951) mentioned that the Malpighian cells are "...also 
called macrosclereids and osteosclereids." After having mistakenly 
made these terms synonymous, he was faced with the problem of 
what to call those specialized hypodermal cells so typical of 
legume seed testa. He solved this problem by referring to 
them as hour-glass cells (Corner 1951» 1976). This was a term 
which had been used earlier in this context by Zimmermann (1936) 
and later by McEwen et al. (197^ ) and Vassal (1973). These 
specialized hypodermal cells have also been referred to as 
"en sablier" (Vassal, 1973)f lagenosclerids (Miller, I967), 
osteosclerids (Chowdhury and Buth, 1970; Pammel, 1899; Tschixch, 
I89O; Vassal, 1973; Watson, 19^ 8),pillar cells (Rowson, 1952), 
and sandglass cells (Pitot, 193^ ). 
Osteosclereid. external surface Osteosclereids in 
Trigonella (Trifolieae) were described by Vaughan (I968) as 
having well-marked ribs. The photographs of transectional views 
of these cells are somewhat ambiguous. The structural features 
described as ribs appear as likely to be the simple branched pits 
so typical of sclereids as to be the ribs proposed. Longitudinal 
views of the osteosclereids, however, reveal an accordion-like shape 
with ribs clearly evident. 
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Osteosclereid height McEwen et al. (1974) observed that, 
in Vicia faba, the osteosclereid height varies at different 
locations on the testa. Lersten and Gunn (1982) expanded upon 
this earlier observation by noting that the osteosclereid layer 
is most prominent near the hilura and becomes inconspicuous or even 
slightly crushed towards the midseed region of the legume 
seed. They noted this reduction in height in members of 
Vicieae, Trifolieae, and several other papilionoid taxa and 
proposed that this change in height at the midseed is a result 
of the expansion of the growing embryo within bhe rigidly 
constraining exotesta. 
Osteosclereid cells vary In distribution or height at different 
locations in the testa, in seeds of some species of mlmosoids and 
pap mono ids (Corner, 19511 Albizzia altisslma. Mimosa pudica, 
Parkia .javonica, all mlmosoids; lersten and Gunn, 1981, 1982, 
Trifolieae and Vicieae; Robbertse and von Teichman, 1979, Acacia 
redacta; Vassal, 1973, Acacia) or are completely absent (Corner, 
1951> Adenanthera pavonla, Pentaclethra fllamentosa; Vassal, 
1975, African species of Acacia). 
Lack of osteosclerelds, mlmosoids and caesalplnioids Several 
genera of legumes are said to have seeds lacking a continuous 
osteosclereid layer (Corner, 1951) but, with a single exception, 
the examples he cited were actually mimosoid. seeds representing 
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single mimosoid species. Only in the caesalpinioid genus Bauhinia 
did he find the osteosclereid layer to be consistently lacking in 
all the several species surveyed, although all the mimosoid 
seeds figured by Corner (1951) had an uneven osteosclereid 
distribution. 
Bauhinia.and Gereis belong to the caesalpinioid tribe Cercideae. 
Pammel had previously noted (1899) that the cells of the osteosclereid 
layer are, in Gereis, thick-walled and lacking in any observable 
difference from the subtending layers of the mesotesta. This 
early observation of the peculiarly "non-legume-like" hypodermal 
layer in Cercideae was confirmed by later workers. They all 
remarked upon the fact that Cercideae is the only legume tribe 
with seeds consistently lacking any obvious osteosclereid layer 
(Corner, 1951t 1976; Gunn, 1981; Wunderlin et al., 1981). 
Osteosclereids, transition zone There are species- and 
genus-specific variations, in papilionoid seeds, in the abruptness 
of transition from the osteosclereid layer to the subtending 
parenchymatous layers (Eowson, 1952). One to three layers of 
thick-walled transition cells are present between the single 
layer of pillar cells (osteosclereids) and the inner layers of 
thin-walled parenchymatous mesotesta, in Physostigma venenosum. 
Rowson (1952) also described a similar arrangement of the meso­
testa in Tamarindus indiea but, in this species, there are many 
layers of euboidal or stellate transition cells between the 
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pillar cells (osteosclereids) and the thin-walled parenchymatous 
portion of the mesotesta. Some of the cells of the intervening 
transition layers are strongly compressed against the pillar 
cells. There is no evidence of any intermediate layer of thick-
walled transition cells "between the rest of the mesotesta 
and the single layer of pillar cells, in seeds of Dorycnium rectum, 
four Lotus species, Mucuna urens. Ononis arvensis, Ornithopus 
sativus, or Psoralea corylifolia (Rowson, 1952). He also noted 
that, whereas other workers had reported an extensive hypodermal 
zone consisting of several layers of pillar cells to be present 
in seeds of Anagyris foetida and Gopaifera salikunda (Watson, 1948), 
his own examination of the seeds of these two species showed that 
the "additional layers" of pillar cells axe instead oblique 
sections of mesotestal stellate parenchyma. 
Seed testa cell types, stellate parenchyma 
In the mature legume seed, by far the greatest portion of the 
mesotesta, which itself constitutes the bulk of the legume seed 
testa, is composed of stellate cells termed "Sternparenchyma" 
or star parenchyma by Zimmermann (1936), "porous parenchyma" by 
Winton (I9I6), "stellate parenchyma" by Miller (I967), and 
"stellate aerenchyma" by Corner (I95I). 
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Kopooshian (I963) remarked that the mesotesta "...typically 
has an outer and inner layer of stellate cells separated by 
ordinary large-celled parenchyma." 
Seed testa cell types, mycotic cells 
The mycotic layer, containing elongate, thick-walled, 
proteinaceous cells having an appearance like that of short, 
thick-walled fungal sclerotia, has "been figured and described 
by Haberlandt (1877), Holfert (I890), and Pammel (1899)• Seeds 
of Wisteria (Tephrosieae) and Phaseolus (Phaseoleae) are mentioned, 
by the above authors,as often containing a layer of mycotic 
cells in the mesotesta. Mattirolo and Buscalioni (1892) • 
figured this mesotestal feature and illustrated representative 
cells. Ih these illustrations, several cells appear to be the 
elongate, armed, parenchymatous cells which exemplify the previously 
described stellate parenchyma. Other cells seem to actually be 
exactly what they are named for, fungal hyphae. The possibility 
can not be ignored that the mycotic layer consists, at least in 
part, of fungal hyphae. 
Seed testa cell types, vascular cells 
The legume mesotesta is the site of vascular tissue (Corner, 
1951> 1976; Le Monnier, 1872; Lersten and Gunn, 1982; Pitot, 1936; 
Tschirch, I89O; Van Tieghem, 1872) even in the relatively thin 
testa of Arachis, the peanut (Woodroof and LeaJcey, 1940). 
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In the amphicrlbral vascular bundle of Onobrychis viciifolia 
seeds, Thomson (I960) observed that the earlier differentiating 
inner most tracheids of the raphe bundle are spirally thickened 
before fertilization. After fertilization, the later differentiated 
surrounding tracheids have reticulate wall thickenings. He noted 
further that, in the mature seed, the phloem cells which 
encircle the c.ehtral strand, of xylem are crushed between the 
xylem tracheids and the other mesotesta cells. 
Recurrent vascular bundle, Bauhinia Seeds.of several species 
of Bauhinia were described as having a "recurrent vascular bundle" 
i.e. a vascular branch which extends away from the main vascular 
strand (Corner, 19511 Bauhinia fassoglensis, B. flammifera, 
B. purpurea, B. rosea, and ^  violacea; Kopooshian, I963, B. 
varierata). As diagrammed, the recurrent vascular bundle 
extends away, at right angles to the raphal bundle from a point 
close to its point of entry into the ovule and out into the subhilar 
region. 
Later, Corner (1976) changed his mind concerning the presence 
of a recurrent vascular "bundle in Bauhinia seeds. At this time, 
he described the vasculature of these seeds as being "...without 
recurrent vascular bundle in the subhilum but often with a sudden 
flexure of the vascular bundle into the raphe and a slight 
projection into the subhilum." He neglected to elucidate the 
critical difference between a "recurrent vascular bundle" and a 
"slight projection." 
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Testai epidermal patterns 
Pattern formation The legume exotesta is covered with a 
layer of cutin in the mature seed. This cutinized outer layer and 
the underlying macrosclereid cells combine in various configurations 
to form definite epidermal patterns. The patterns were grouped into 
four subsets by Barthlott (1981), based upon the type of primary 
surface sculpture, which represents the underlying cellular shapes 
directly, and upon the secondary surface sculpture, which consists 
of overlying epicuticular striations formed by waxes and related 
substances. Included under the latter were any superficially visible 
wall inclusions and wall thickenings. 
Lersten (I98I) concluded, following a scanning electron microscopy 
(SEM) survey of epidermal testai patterns on representatives of I50 
of the 440 genera from 30 of the 32 papilionoid tribes, that the 
outer testa pattern varied with sampling location on the seed. 
In about 85% of these taxa, the testai pattern was "...most conspicuous 
near the hilum, becoming attenuate or disappearing toward the midseed." 
Pattern categories Even limiting observations of seed testa 
patterns to those made at the hilar rim, Lersten (1981) isolated 
four dominant testai patterns, i.e. rugulate (irregularly roughened), 
lophate (short ridges with irregular sides), papillose, and 
reticulate (ridges joining adjacent cells), with these four 
representative of eight of the 30 papilionoid tribes surveyed. 
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In addition to these four, Lersten categorized two other patterns, 
i.e. laevigate (smooth) and foveolate. The foveolate testai pattern 
is one in which ridges of cuticle covering single cells are separated 
by cuticular grooves between adjacent cells. Both reticulate and 
foveolate patterns may be arranged as a simple or as a multiple 
pattern unit. The multiple foveolate or multiple reticulate pattern 
includes several cells in a repeating unit which then forms the 
typical seed testai pattern. A simple foveolate or reticulate testai 
pattern is present when single cells, each having the same cuticular 
ornamentation, form the only testai pattern unit. 
Tribal testai patterns As a result of an SEM survey of 
seed testai patterns in 64 species representing the papilionoid 
legume tribes Genisteae, Loteae, Trifolieae, and Vicieae, Saint-
Martin (1978) categorized five major testai patterns. These were 
depressions plisse'es(reticulate), protuberances arrondies (papillose), 
surface tuberculee (tuberculate), crateres (pitted), and plissement 
with the addition of a subcategory plissement plus arrondies. This 
brief study pointed out the papillose testai pattern representative 
of many Vicieae seeds, the reticulate pattern of many Loteae seeds 
and the tendency of Trifolieae seeds to be either tuberculate or 
papillose. A second result was to record the variation present in 
those Genisteae, Loteae, Trifolieae, and Vicieae seeds which do not 
fit into these "typical" patterns. 
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Saint-Martin did not differentiate, as Lersten (I98I) did, the 
categories of multiple reticulate and multiple foveolate seed testa 
patterns and consequently missed the difference in testa pattern 
between the multiple reticulate pattern of Gytisus and Ulex, and 
the testa pattern present on the other six Genisteae genera she 
surveyed. When Lersten later noted this difference, he stated 
in addition that the seeds of Genisteae have a "...striking range 
of surface patterns," especially in the well-defined patterns 
present immediately adjacent to the hilar rim. 
He also expanded upon the observations of Saint-Martin regarding 
the testai patterns in Vicieae, Trifolieae, and Loteae seeds by 
including several other papilionoid tribes under the same major 
seed testa patterns. He noted that the seeds of Robineae and 
Phaseoleae are usually rugulate, that Psoraleae and Amorpheae are 
often lophate, that Loteae and Goronilleae are reticulate, and 
that genera of Vicieae and Trifolieae other than those listed 
by Saint-Martin, also have papillose seeds. 
Seeds from Gicereae, Trifolieae, and Vicieae, by retaining a 
strong testai pattern over the entire seed (Lersten and Gunn, I98I, 
1982) are notable exceptions to the general attenuation of 
papilionoid testa pattern at the midseed. Another observation 
regarding midseed testa pattern was made by Heyn and Hernstadt 
(1977)• They noted that the midseed surface of Old World species 
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of Luplnus (Genisteae) are predominantly of a multifoveolate pattern 
whereas those of New World species exhibit a laevigate to 
ri;igulate pattern. 
Testai patterns as taxonomic characters A specific 
example of the taxonomic usefulness of seed testa patterns was 
provided by Lersten and Gunn (1981). They used seed characters 
such as testai pattern to support Kupicha's earlier (1977) removal 
of the genus Gicer from the Vicieae. Lersten and Gunn (I98I) 
contrasted the "typical" Vicieae seed, with its uniform and 
evenly papillose testai pattern to the "typical" Gicer seed, 
with its complex testai pattern of multicellular protuberances 
arranged in plates. 
Testai pattern, formation from extraovular material The 
epidermal features present on the mature legume seed may originate 
from the adherence of extraovular material. The term endocarp has 
been used to describe non-ovule components of the Glycine outer 
seed epidermis (Gunn, I98I). Other terms used to designate 
this same layer are epitesta (Lersten, 1981a, Eminia antennulifera, 
Neonotonia wightii, and Pseudeminia comosa, Phaseoleae-Glycininae) 
and perisperm (Hermann, 1962; Newell and Hymowitz, 1978; Wolf and 
Baker, 1972). 
Epitesta accurately describes the location of this layer, which 
overlies the seed testa, but its use may be misleading if the root. 
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testa, is interpreted to mean tissue origin rather than tissue 
location. Usage of the term perisperm to refer to this adherent 
extraocular tissue has "been justly criticized by Gunn (I98I) 
"because this term has been preempted to describe a specific 
internal seed tissue. Perisperm has been used in this connection 
since well before Schleiden and Vogel (I838). It would inevitably 
become a source of confusion to use this same term for another 
tissue, of completely different origin, function and placement on 
the seed, especially when these tissues are located on the same 
organ. For this reason, Gunn rejected the use of the term perisperm 
to describe the layer of endocarp adhering to the Glycine seed. 
Adherent endocarp, papilionoids Non-cellular endocarp 
fibers adherent to an acellular substance were described as epidermal 
features of seeds of the genus Nissolia (Aeschynomeneae) and 
Barbieria (Tephrosieae) by Lersten (I98I). He also observed 
remnants of epitesta (endocarp) present on seeds of Ganavalia 
ensiformis (Phaseoleae-Dioclinae), Eminia antennulifera, Neonotonia 
wightii, and Pseudeminia comosa (Phaseoleae-Glycininae) and 
Strophostyles helvola (Phaseoleae-Phaseolinae). 
Adherent endocarp. Glycine Seeds of some species of 
Glycine typically have an adherent outer covering composed of tissue 
originating from the inner layer of the fruit wall, the endocarp. 
In Glycine this adherent extraovular layer shows cellular outlines 
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and appears to be a cellular remnant of the endocarp (Lersten, I98I). 
In Glycine max, the endocarp does not adhere to the seed testa, in 
contrast to some other Glycine species, but remains attached to the 
inner pod wall (Newell and Hymowitz, 1978; Wolf and Baker, 1972). 
In some other Glycine species, for example G^  soja, endocarp does 
adhere to the mature seed testa. Newell and Hymowitz (1978) 
speculated that the tendency of seeds from some herbaxium accessions 
of G_^  so.ia to lack adherent endocaxp indicated that these specimens 
resulted from hybridization between Gj^  soja and the compatible G.max. 
They checked this hypothesis by examination of seed from eight species 
of Glycine. Seeds from these eight species were compared with fresh 
seeds from five Glycine species of known parentage, grown in the 
greenhouse and collected at various stages of development. They 
noted that endocarp adherence on the mature seed correlated well with 
the genetic complement of that plant and concluded that the relative 
degree of endocarp adherence could, in turn, be used as an indication 
of parental stock. 
Structural features of mature legume seed testa 
Pleurogram Gunn (I98I) briefly reviewed some of the literature 
on the pleurogram in legume seeds. The emphasis here will be limited 
to a few of these summarized observations and addition of others 
which relate particularly to Cercideae seeds. The pleurogram, the 
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"llnea fissura" of Boelcke (1946), the "linea sutura" of Capitaine 
(1912), and the "face line" of Isely (1955) and Kopooshian (I963), 
is located on the lateral or "face" side of the seed. 
Pleurogram frequency Gunn (I98I) reported that 
this structure was much more common on mimosoid seeds, with only 
JJfo of the genera surveyed having some species lacking pleurograims, 
than on caesalpinioid seeds, with $1% of the genera surveyed having 
some species lacking pleurograms. 
Open vs. closed pleurogram Gunn (I98I) mentioned some 
obvious structural differences between these pleurogram types and 
correlated the differences with legume subfamilies. The usually 
open mimosoid pleurogram, according to Gunn, is formed from 
"...a break in the exotesta..." whereas the usually closed 
caesalpinioid pleurogram is underlain by macrosclereids which 
differ in length or orientation from those which compose the rest 
of the exotesta. The pleurogram often reflects differences in 
length of exotestal cells in caesalpinioids and differences in 
stability and adherence to other macrosclereids cells of the 
exotesta in mimosoids. 
However, Robbertse and von Teichman (1979) indicated that 
the seed testa of the mimosoid Acacia redacta has a pleurogram 
underlain by macrosclereids having a light line which dips more 
deeply into the seed, away from the cutinized surface, at the 
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pleurogram. This is more than the simple break in the exotesta 
considered by Gunn (1981) to be the basic structure of the 
mimosoid pleurogram. 
Fracture lines According to Gunn (1981) and Isely (1955), 
fracture lines consist of superficial cracks in the cuticle overlying 
the macrosclereid layer. Gunn (1981) noted that fracture lines are 
rare on papilionoid seeds and, when present, limited to the area 
around the hilum. They are more common on mimosoid and caesalpinioid 
seeds, being found on seeds of all species examined, in 33^  of the 
total mimosoid and 15^  of the total caesalpinioid genera studied. 
Bauhinia "areole" Wunderlin et al. (1981) remarked upon 
the presence of an "areole of sorts" on some Cercideae seeds. The 
areole ("face area" of Isely, 1955) is the area on the lateral side 
of the seed which is enclosed by the pleurogram (Gunn, 1981). Therefore, 
in order to have an areole, a seed must have a pleurogram. Gunn 
also noted that, in Bauhinia, the two light colored lines which 
form a crescent joined at the hilum do not form a true pleurogram 
but are instead, funicular remnants. Bauhinia fassoglensis (Cercideae) 
is one of the few legume seeds with reticulate markings formed by 
fracture lines which simulate an areole (Coetzer and Ross, 1977; 
Corner, 1951; Gunn, I98I; Wunderlin et al., I98I). 
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H Hum 
Mattlrolo and Buscalioni (I892) not only described the complex 
structure of the papllionoid hllum but the comprehensiveness and 
organization of their literature review (Parte IV) make it of 
value even today "because they included a precis of earlier 
investigations of legume seed anatomy such as those of Malpighi (1675) 
and Grew (1682). The otherwise limited availability of these early 
studies made their Parte IV an even more valuable data source. 
Subsequent reviews of studies of legume seed anatomy include Pitot 
(1936)» Pammel (1899)i and Lersten and Gunn (I982). By far the 
largest proportion of these studies are limited to papilionoid seeds. 
Hilum structure That the hilum is considerably more than 
the scar left by the stalk of the ovary, as defined by Corner (1951) 
or the point of seed abscission from the funiculus, as defined by 
Gum (1981), is indicated by Pitot (I936). He studied early seed 
development in a few representative legumes from the three subfamilies 
and compared morphological development in the hilar region of the 
legume seed. Pitot understood the hilum to include those morphological 
features of the ovule which mature into the "hile vrai" or true hilum 
and the "fonctionnel hile" or functional hilum. The latter includes 
the double epidermis or counter palisade, the "fente hilaire" or 
hilar groove, the tracheid bar and the "arillaires tissue" or 
seed appendages. The true hilum is a circumscribed area within the 
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hilar region, containing the final point of attachment between the 
seed and the funicular stalk. Pitot (1936) thought that the true 
hllum consists of the ovular vascular strand which extends between 
the funicular stalk and the ovule, along with immediately 
contiguous tissue. 
Counter palisade, papilionoids Coupin (I896) designated the 
counter palisade to be "...eplderme recouvrant le hile..." ( a 
doubling back of the hilar epidermis). Pammel (1899) defined 
counter palisade as a second layer of palisade cells at the 
hllum. 
Derivation of counter palisade In papilionoids, the 
double epidermis forms as two branches, each longer than wide, 
which approach each other and meet at the single, elongate hilar 
groove which bisects the hllum (Pltot, I936). Pitot observed 
that the double epidermis or counter palisade present at the 
papillonoid hllum originated from a layer of funicular tissue 
located between the macrosclereid layer of the hilar palisade 
and the "funicle intermédiare" or funicular stalk which supports 
the ovule. Berg's (1979) vfork with Kenned la and Hardenbergla 
supported these conclusions by showing the presence of a subhilar 
meristem which formed late in development and thickened the 
hilar area of seeds In these two legume genera. He also showed 
the doubling over of that tissue layer which later matures into 
the papillonoid counter palisade. 
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Lack of counter palisade, papilionolds No counter palisade 
was found in seeds of the papilionoid legume Erythrina caffra (McNaughton 
and Robertson, 1977)• They reported that, whereas the seeds of 
E. variesata previously examined by Maranon and Santos (1932) had 
a distinct counter palisade layer at the hilum, seeds of caffra 
lack counter palisade, being covered instead with a layer of 
funicular tissue at the hilum. McNaughton and Robertson included no 
data on the maturity of the seeds examined nor on processing techniques. 
Berg (1979) noted that tissue at the hilar area matures very 
late in seed development. When the counter palisade layer is defined 
by the presence of a light line in this second layer of palisade cells 
at the hilum (Pammel, 1899) than younger seeds lacking a light line 
In cells of what would later mature as the counter palisade would be 
perceived as lacking any counter palisade layer. 
Epidermal obturateur. caesalpinioids The caesalpinioid 
epidermal obturateur, like the papilionoid double epidermis or counter 
palisade, forms rather late in seed development from a localized 
integumentary meristem acting to thicken the tissue of the hilar 
region. The epidermal obturateur eventually forms a continuous 
curve around the orifice of the "hile vrai" containing the "faisceau 
libero ligneus" or vascular strand (Pitot, 1936). Both Gaesalpinia 
sepiaria and Poinciana gilllesii adhere to this typical caesalpinioid 
pattern. 
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Pitot (1936) theorized that the caesalpinioid epidermal 
obtureateur was a predecessor of the papilionoid double epidermis 
and that the latter preserved the primary function of thickening 
the hilum and added as a secondary function the formation of an 
aril. Such a late forming thickening in the hilar region may 
aid in detaching the mature seed from the ovary wall (Berg, 
1979; Fahn and Werker, 1972; Gunn, I98I). 
Taxonomic implications of hilar structure, papilionoids 
The external aspect of the hilum is definitive in certain 
papilionoid seeds (Lersten and Gunn, I98I). Hilar characters 
were useful in differentiating between Vicia species (Gunn, 1970, 
1971). 
Taxonomic Implications of hilar structure, caesalpiniolds 
Gunn (I98I) described the non-papilionoid legume seed as having 
a hilum shape of simple punctiform, orbicular, shortly oblong, 
or rarely crescentic (Bauhinia, Gercideae) or circular (Cercis, 
Gercideae) scar located adjacent to the tip of the usually 
straight radicle. Wunderlin (1973) and Wunderlin et al. (I98I) 
remarked upon the likelihood that the two Gercideae subtribes 
could be separated by the shape of the hilum and the presence 
or absence of the funicular aril-lobes. 
Tracheid bar The hilar region of papilionoid legume seeds 
consists of a counter palisade bisected by the hilar groove which is 
in turn subtended by the tracheid bar. Other terms applied to 
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the tracheid bar are: "cellules ponctulees du hile" (Coupln, I896), 
"chilaria" (Mattirolo and Buscalioni, I892), and "tracheid island" 
as well as "tracheid bar" (Lersten, 1982). The nature, derivation, 
and function of the tracheid bar was, for some time, a matter of 
debate. 
Tracheid bar vs. ovular vascular bundle Some thought 
that the tracheid bar was, of necessity, derived from the vascular 
bundle (Delponte, 1871; Haberlandt, 1877; Harz, 1885a, b; Schleiden 
and Vogel, I838). Others believed that the tracheid bar was 
totally independent from other ovular vascular tissue (Beck, I878; 
Ghalon, 1875» Godfrin, 1880; Mattirolo and èuscalioni, I892). 
Ghalon (1875) not only proposed independence from the ovular 
vascular tissue but proposed that the tracheid bar of Orobus was 
a gland. He proposed, contrarily, that the same structure in 
Ganavalia was indeed a vascular remnant. 
After examining seeds of a large number of papilionoid taxa with 
the aid of the scanning electron microscope, Lersten and Gunn (1981) 
pointed out that, although there is often no obvious connection 
between the vascular tissue of the ovular bundle and the tracheid 
bar, nonetheless in some exceptional cases (Cicer arietinum. Cicereae; 
several species of Vicieae) the tracheid bar appears in contact with 
the xylem elements of the ovular vascular bundle. 
Tracheid bar pits The tracheid bar of seeds of Vicia 
faba has tracheids ornamented with smooth pits (McEwen et al., 1974). 
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Tracheid "bar pits as taxonomic characters The papilionoid 
tracheid bar has varying degrees of ornamentation or vesturing. 
Vesturing is a term applied to the ornamentation or extension of 
the cell wall around or across individual pits. Following 
examination of seeds "belonging to Abreae, Gicereae, Trifolieae, 
and Vicieae, Lersten (1982) determined that the ornamentation of 
the tracheid bar pits appear to have some taxonomic significance. 
He noted that Trifolieae has tracheid bar pits which are warty 
and non-vestured, that Cicer has regular tracheid bar pits with 
borders and that Abrus has irregularly shaped tracheid bar pits with 
reduced borders and a pit membrane. In Cicer these pits are generally 
non-vestured with a few being slightly warty whereas Abrus has pits 
which are generally smooth to somewhat warty. Vicieae seeds usually 
have unvestured tracheid bar pits, the only Vicieae seeds having 
vestured tracheid pits were from six species of Vicia representing 
two sections considered by Kupicha (1977) to be among the least 
advanced Vicieae. 
Tracheid bar function Although the tracheid bar retains 
the character of vascular tracheids, according to Pfaefflin (1897) it 
"...n'a pas pourfonction d'amener 1'humidité 'a' la graine..." 
(doesn't function to bring in moisture to the seed). He proposed that, 
in spite of their tracheid form, these cells axe impermeable to water 
but not to all liquids. He observed that alcohol can penetrate the 
82 
seed "but later in the same publication qualified this statement by-
noting that alcohol may penetrate because of its solvent action 
upon the entire seed testa rather than because it enters at the 
tracheid bar. 
Water penetrates first through the micropyle before crossing 
to the integument, in the seeds tested by Pfaefflin (189?)• He 
found the tracheid bar did permit the exit of gases and water 
vapor from the seed even though it was impermeable to the 
entrance of water. Aerenchyma surrounds the tracheid bar according 
to Bariola (1912, Abrus precatorius), Mattirolo and Buscalioni 
(1892, many papilionoid species), McEwen et al. (197^ > Vicia faba). 
Pammel (1899, many legumes), and Thomson (I96O, Qnobrychis viciifolia). 
These observations have some implications for the later work 
by Hyde (195^ ) who demonstrated the importance of the structures 
in the hilar region to the regulation of moisture within the seed, 
both during maturation and during germination. 
Micropyle 
The integumentary tissue surrounding the micropyle may assume 
any one of several forms in the mature seed. These differences 
produce variation in both the external and internal aspect of 
the micropyle. 
Papilionoid micropyle, external The recent work by 
Lersten and Gunn (1982) intimated that the variability in 
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external aspect of the legume micropyle may have taxonomic implications. 
They observed that Vicieae seeds have a linear, elongate micropyle 
located close to the hilum whereas seeds of Abreae (Abrus spp.), 
Gicereae (Cicer spp.), and Trifolieae (Medicago, Melilotus, and 
Trifolium spp.) all have deltoid micropyles. The micropyle is 
noticeably separated from the hilar margin only in Abreae. 
Papilionoid micropyle, internal The internal anatomy of the 
micropylar structures may also vary in taxonomically interesting 
ways. Coupin (I896) postulated four different types of micropylar 
configurations, based on median longitudinal sections through the 
micropyle and hilar region. •He found the most common legume micropyle 
to be cup-shaped in median longitudinal section, consisting of a 
rounded depression extending through the exotesta into the 
mesotesta of the seed. 
The second micropyle type, canal-shaped or linear, is typified 
by Gytisus laburnum. In median longitudinal view, this micropyle is 
subtended by a micropylar cavity extending across the mesotesta and 
terminating at a layer of albumen next to the endotesta. The 
exotestal macrosclereids gradually decrease in length close to the 
micropyle and the mesotesta bordering the micropylar cavity consists 
of a thick layer of stellate aerenchyma tissue. 
Coupin's third type of micropyle consists of a pyriform cavity 
in the mesotesta narrowing towards the unbroken exotesta and lacks 
any opening to the seed exterior. The inner margin of this closed-
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cavity micropyle is bordered by stellate aerenchyma and subtended 
by small parenchymatous cells. The fourth type of micropylar 
cavity described by Goupin is completely closed and obliterated. 
Micropyle function In legume ovules, the micropyle is 
generally considered to be the egress point for the pollen tube. 
In mature legume seeds, the micropyle may simply be a non­
functional ovule remnant. This is the prevailing view. According 
to Gunn (1981) the micropyle is usually a "...plugged opening..." 
in all legume seeds. Some other workers have proposed that the 
micropyle retains a functional role in the mature legume seed. 
Imbibition did not occur when the micropyle was plugged with 
paraffin, in certain legume seeds (Pfaefflin, 1897)• He concluded 
that "...liquid or gaseous water penetrated in great quantity very 
rapidly, through the micropyle to the rest of the integument...." 
Later work by Kyle (1959) indicated that Pfaefflin*s observations 
may have been valid, although these results contradict current 
dogma that the initial site for imbibition in papilionoid legume 
seeds is always the lens. 
Kyle (1959) hypothesized that micropyle size, seed testa color 
and site location of first imbibition of water are all determined by 
varietal genetic factors. Three permeability sites, the micropyle, 
hilum, or raphe, were postulated by Kyle. To test this hypothesis, 
he crossed two varieties of Phaseolus vulgaris, the white-seeded 
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variety Great Northern and the red-seeded variety Red Mexican, 
through two filial generations. A beeswax-paraffin mixture was 
used to seal the postulated permeability sites, separately or 
in all possible combinations. It is reasonably safe to assume 
that if the hilum or raphe area was sealed, the lens was also 
sealed. Seeds of the Great Northern variety absorb water in 
direct proportion to micropyle size whereas seeds of the Red 
Mexican variety absorb water only at the hilum-raphe area at an 
absorption rate independent of micropyle size. In all seeds 
tested, the micropyle was classified according to the degree of 
opening, with class one being a tightly-closed micropyle and 
class five being any micropyle with an external opening 11? 
by 27 or more, with Great Northern larsest and class two. 
The cross between these two varieties produced all red 
seeds permeable to water only at the hilum-raphe area. The 
F2 generation seeds segregated a ratio of about 3 red seeds 
permeable only at the hilum-raphe area to 1 white seed permeable 
at the micropyle. These data imply that, as Pfaefflin (1897) had 
earlier surmised, the micropyle may sometimes serve as the site of 
of initial imbibition. Kyle remarked, however, that further 
testing of his hypothesis was necessary because his data base 
was relatively small. 
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Lens 
Pitot (1936) stated that only papilionoid seeds have a lens and 
defined the lens or "protuberance" as a structural feature located 
"between the hilum and the chalaza, usually directly above the 
ovule vascular bundle. Gunn (I98I) noted that the lens is the 
"boss" of some authors and has been mistakenly called a "strophiole" 
by others (Martin and Watt, 1944). 
Lens function Mattirolo and Buscalioni (I892), after 
studying many different forms of the "protuberance" or lens in 
many seeds, concluded that it compressed the vascular strand and 
thus prevented the loss of nourishment needed by the embryo. 
Haberlandt (1877), Le Monnier (I872), and Maxtins (I858) believed 
that the lens was an outer indication of the chalaza. Delponte 
(I87I) believed it to be a basal gland. Chalon (1875) proposed 
that it functioned to regulate the rate of water absorption. Gunn (I98I) 
and Lackey (1977) stated that the lens is the site of possible testa 
weakness during germination. 
Bourrelet of Pitot (1936) 
In the caesalpinioid Cassia occidentalis (Pantulu, 1945)» the 
funicular epidermis and the outer integumentary epidermis remain 
meristematic for some time following fertilization. Close to the 
hilum, these layers grow out into a short, hump-like outgrowth 
which persists throughout the life of the seed. This outgrowth 
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had been previously noted and illustrated by Pitot in three other 
caesalpinioid legumes. He termed this structure the "bourrelet" 
and thought it was a weak point in the caesalpinioid seed testa 
perhaps equivalent to the "protuberance" or lens of the papilionoid 
legume seed. He noted, however, that these two were quite different 
in development and seed placement and only equivalent in function, 
not derivation. 
Unlike Pitot, Gunn (1981) considered that many caesalpinioids 
and mimosoids also have seeds with a lens, if the lens is defined 
as an area of weakness in the testa through which water can be 
efficiently imbibed during germination. 
Lens vs. strophiole 
Gavanagh (I98O) stated that, in Acacia, the strophiole is the 
main mechanism to aid in seed coat permeability and put the Acacia 
strophiole equivalent to the lens of Brown and Booysen (I967) and 
Gopal and Thapliyal (1971), the "marca rapheale" of Boelcke (19^ 6), 
the "plage sub-hilare" of Pitot (I936) i.e. the sub-hilar plug ! 
the "rapheole" of Robbertse (1973), and the "trace rapheale" of 
Vassal (1971)• As illustrated by Cavanagh (I98O), the strophiole 
area is just opposite the micropyle, close to the hilum, and 
subtended by an ascending vascular bundle. The strophiolar 
exotesta macrosclereids are much shorter than elsewhere in the 
exotesta. These are morphological features of what otherwise 
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would be an obvious lens. Rolston (1978) illustrated the "strophiole" 
in Acacia as a testai swelling located on the raphe between the hilum 
and the chalaza (i.e. the lens "protuberance" of Pitot, 1936). 
Seeds of this species have long, narrow macrosclereids rimming the 
strophiole and when percussed, i.e. when hit or otherwise subjected 
to sudden pressure, a concave cleft or split is formed along this rim. 
Although this exotestai cleft does not appear to penetrate the 
cuticle immediately, there is now an obviously weakened point in 
the seed testa (Rolston, 1978)« The strophiole was also defined by 
Hagon and Ballard (1970) as a feature of the macrosclereid layer 
forming a predetermined site of weakness in the testa through which 
imbibition can occur. 
Proposed etiology strophiole lens equivalency To Mattirolo 
and Buscalioni (1892), the strophiole is a structural feature of the 
macrosclereid layer. This is not incorrect, but encouraged some 
misconceptions regarding the nature of the strophiole. This 
structure was later considered by Hamly (1932) and Zimmermann (1936) 
to be synonomous with lens. 
Zimmermann (193^ ) classified the legume strophiole into six 
types, relating each type to a specific papilionoid tribe. According 
to his classification, the Genisteae-Spartiinae seed has a strophiole 
formed of the palisade (macrosclereids of others) in combination with 
large stellate sclereid cells. The strophiole in Vicieae is formed 
solely of palisade cells while the Podalyrieae and Phaseoleae-
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Glycinlnae entirely lack strophioles. It is obvious that the 
strophiole to which Zimmermann referred is not a seed appendage 
but rather a feature of the exotesta layer itself, a variation in 
the configuration of the macrosclereids. His statement that 
".. .Ein Zusammenhang zwischen anatomischen Bau des Strophiolums 
und d e r  Ze i g u n g  z u r  Har t s c h a l i g k e i t  k o n n t e  n i c h t e  e r k a n n t  w e r d e n "  
(A relationship between the anatomical structure of the strophiole 
and the manifestation of hardseededness can not be detected.), 
strengthens the initial assumption that the strophiole of 
Zimmermann and the lens of others are the same structure. 
Seed appendages, legumes 
Seed appendages often arise from tissue at the hilar region of 
legume seeds (Berg, 1979; Corner, 1951, 1976; Gunn, I98I). Definitions 
of seed appendages such as the aril, caruncle, sarcotesta, and 
strophiole (Bâillon, 1875; Berg, 1958, I966, I969, 1972, 1979; 
Corner, 1951» 1958, 1976; Gaertner, I788; Pfeiffer, I89I; 
Radlkofer, I878; Rolston, 1978; Swartz, 1971; Van de Venter, 1976), 
as well as speculations about the function of such seed appendages 
(Berg, 1966, 1969, 1975a, b, 1979; Corner, 1958; Van der Pijl, I955, 
1957)1 have proven to be of interest to students of seed dispersal 
mechanisms as well as to taxonomists and morphologists. Often, 
however, definitions and descriptions have been based upon observations 
of mature seeds and, as remarked 'by Berg (1979) and Van de Venter (I976), 
often included ambiguous terminology. 
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Both Berg (1979) and Gunn (1981) agree that the aril is a 
substantial funicular remnant, the rim-aril a slight funicular 
remnant, the hilar tongue a funicular remnant at the micropyle 
and the epihilum a funicular remnant covering and obscuring the 
hilar groove. The epihilum of Lersten and Gunn (1982) appears to 
be equivalent to the Trennungsgewebe or separation tissue of 
Kondo (1913) and Pfeiffer (I89I). Kondo also described the 
"Wandformigen Umrandung" or rim-aril as being formed from vertically 
oriented cells which cover the palisade layer of the testa 
around the hilar tissue. 
Aril evolution Berg (1979) speculated that the aril evolved 
from the rim membrane by ajnplification under evolutionary pressure 
towards diplochory and myrmecochory and, further, that parallel 
evolution produced arils several times in legume taxa. Parallel 
evolution of equivalent seed appendages would be one explanation for 
the differing tissue origins and similar appearances of such seed 
appendages as arils, arillodes, arilloids, and false arils as well 
as caruncles, strophioles and even the sarcotesta. 
Seed appendage phylogeny Radlkofer (I878), like Berg (1979) 
and Corner (1958, 1976), proposed amplification of seed appendages 
as the phylogenetic pathway. His ranking of seed appendages placed 
the "ombelicado" or aril as the primitive seed appendage from which 
all other seed appendages were derived, placing the "ombelicale-. 
esostomatico" or micropylar-chalazal arillode before the "esostomatico" 
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or micropylar arillode and considering the "axillo epispermatico" 
or sarcotesta as the most derived of the four seed appendages. 
Van der Fiji (1955i 1957) agreed with the assumption of 
Bâillon (1875) that the sarcotesta or fleshy outer testa was 
the most primitive of seed appendages from which all other seed , 
appendages were derived through reduction. Van der Pijl based 
this assumption upon the presence of the sarcotesta in such 
plant taxa as the Pteridospermae, Cycadaceae, and Ginkgoaceae, 
and in several angiosperm genera, including Degeneria, "belonging 
to the putatively primitive Banales. He concluded that the 
brightly colored sarcotesta evolved as a strategy to aid in 
the dissemination of individual seeds by small mammals and fruit-
eating birds. 
Because the sarcotesta is defined by the fusion of its fleshy 
parenchymatous tissue to the exotesta, and because Van der Pijl (1955) 
postulated that the original sarcotesta covered the entire testa, 
the relative extent of fleshy tissue actually fused to the exotesta 
determined the placement of all other seed appendages within his 
phylogenetic scheme. He (1957) considered the micropylar arillode 
and the micropylax-chalazal arillode, with fleshy parts of the testa 
limited to definite areas of the seed, to be more derived than the 
sarcotesta. The aril, originally defined by Gaertner (1788) as 
having its origin on the funicle, unattached to any part of the 
seed, was considered by Van der Pijl (1955» 1957) to be second only 
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to the even,more modified and derived endocarp ptGLpa. Because he 
considered the true aril and the endocarp pulpa much more specialized 
than the sarcotesta, he was in sharp disagreement with Corner (1958, 
1976). 
True vs. false aril Van der Fiji (1955» 1957) studied many 
appendages on seeds initiated from ovules he "believed to be 
lacking a funiculus. He originated the term "arillodium" or 
"faux arill" to differentiate "between the "true" aril as an 
outgrowth of the "true" funiculus and the false axil. He (1955) 
considered the strophiole, along with the caruncle, to be a type of 
arilloid, that is, a seed appendage in which the testa itself is 
partially fleshy. He defined the arilloid as any outgrowth, on 
or near the seed, which resembled the true aril. He later (1957) 
renajned the "arillodium" or "faux arill" as an arillode, defining it 
as any outgrowth of the integument, in the vicinity of the micropyle. 
The arillode is thus equivalent to the "faux arill" as opposed to the 
true aril and the almost equivalent arilloid. 
According to Corner (1976), the arillode is produced at the 
exostome while the aril originates from the micropyle or funicular 
tissue, leaving the problem of differentiating between micropyle 
and exostome, to say nothing of funicular tissue. Van de Venter 
(1976) was more precise when he termed the ariliate appendage 
arising from the outer integument on one side of the micropyle and 
the funiculus on the other, a "Strelitzer." 
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Aril vs. strophiole The axil is a post-floral outgrowth of 
the funicle entirely free of the seed testa, according to Gaertner 
(1788). In contrast, the strophiole is a unilateral swelling along 
the raphe intimately connected with the seed. Rushy and Jelliffe 
(I899) also considered the strophiole to he an external enlargement 
of the raphe but proposed that the strophiole could develop into 
an aril. This completely contradicted the original concept of 
the strophiole and aril (Gaertner, I788). Just (1950) remarked that 
"because the ovule may be either stalked or sessile, the funiculus 
may originate either an aril (from the funiculus) or a strophiole 
(from the raphe). The lack of attachment between the aril and the 
seed and the opposite situation in the strophiole (Gaertner, I788) 
no longer discriminates between the two seed appendages. 
Eames (I96I) defined the strophiole as a special form of aril 
which is restricted to seed crests such as the raphe, and which 
is modified for special types of seed dispersal. The strophiole is 
now a subclass of aril. Fahn and Werker (1972) stated that the 
strophiole is an outgrowth either of the funiculus or of the seed 
itself, is equivalent to the elaiosome and, further, that the 
elaiosome is an aril adapted for myrmecochory. There is now no 
difference between aril and strophiole. 
Swartz (1971) defined the strophiole as an "...excrescence or 
appendage at or about the hilum of a seed, the caruncle..." and 
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defined the caruncle as "...a localized outgrowth of the seed, a 
small hard aril, an excrescence or appendage at or about the hilum 
of the seed." The aril is broadly conceived by Swartz (1971) as a 
fleshy organ az'ound the hilum or base of the ovule, as a fleshy and 
often colored outer covering of the seed, as an expansion of the 
funiculus which arises from the placenta and envelopes the seed, 
and as any outgrowth of the funiculus or seed coat. 
Developmental studies re. seed appendages Because seed 
appendages are habitually defined in terms of their putative tissue 
source, and because precise determination of this tissue is not 
possible when the only available data source is the mature seed, 
developmental studies are needed before the nature of these 
appendages can be determined with accuracy. 
The appendages present on the seeds of Kennedia and Hardenbergia 
have been called both strophioles (Bentham, 1864) and arils 
(Berg, 1979} Pfeiffer, I89I). Berg examined ovules and seed 
of six of 15 species of Kennedia and two of three species of 
Hardenjbergia. He reported (1979) that the appendage meristem 
originated from epidermal cells peripheral to the counterpalisaxie 
and consists of derivatives from the ontogenetically older hilar 
meristem of ovular rather than funicular origin. 
Grear and Dengler (1976) presented the results of a similar 
developmental study of ovules and seeds in the genus Eriosema. 
They determined that in Eriosema the seed appendage develops 
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as an outgrowth from the funiculus through cell elongation 
synchronous with the differentiation of palisade and counterpalisade. 
They illustrate the same type of meristematic area later interpreted 
by Berg (1979) to the hilar meristem, in Kennedia and 
Hardenbergia. 
Aril in caesalpinioid seeds Pfeiffer (I89I) wrote that 
legume seeds lack a persistent aril in three caesalpinioid 
tribes (Eucaesalpinioideae; Bauhinieae, i.e. Cercideae; and 
Dimorphandreae). Wunderlin et al. (I98I) later modified this 
early conclusion as it pertained to Cercideae, noting that 
whereas Gercidinae seeds lack arils, Bauhiniinae seeds may or may 
not have axils. Further, Wunderlin et al. (1981) believed that 
the presence or absence of seed appendages in Cercideae has 
taxonomic implications on the subtribal level. 
Overgrown seeds 
Corner (1951) created the category of "overgrown" seeds to 
describe a rather anomalous condition Jie observed in the seeds of 
certain legume species. He noted that, while such overgrown seeds 
are relatively rare, they are nonetheless present in all legume 
subfamilies. Although they are exalbuminous and lack any 
differentiated macrosclereid layer, they often have a complex and 
highly ramified vasculature. He described such overgrown seeds as 
being "...tumor-like, large enough to completely fill the legume 
cavity...." 
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Corner proposed that such overgrown seeds provide "better 
aeration to the developing embryo and a more complete vascular 
supply to the seed but, because such seeds would be less able to 
withstand, desiccation than would those with an exotesta of fully-
differentiated macrosclereids, any legume species with the 
typical overgrown seed, would be limited to shaded, humid habitats. 
He surmised that the testa of such seeds could, contain stomatal 
pores, although he also stated that such pores did. not occur on 
any.legume seed.. The presence of pores on the outer seed surface 
was consonant with his concept of the integument as a form of leaf. 
Stomata on seeds 
Stomata are uncommon on seeds, but they have been reported 
occasionally on seeds from species scattered among 24 dicotyledonous 
and monocotyled.onous families (Jernstedt and Clark, 1979) • In the 
legumes. Corner (1951i 1976) documented, the presence of stomata on 
fruits (also see Reddy and Shah, 1979; Schnetter, Hilger, and 
Richter, 1979; Stant, 1972), but he stated, that stomata do not occur 
on seeds of this family (Corner, 1976). Gunn and LaSota (1978) 
reported "...remarkable pore-like structures..." from the seed 
testa of the papilionoid. Olneya tesota (Robinieae), and their 
scanning electron micrograph of this feature showed, what might be 
interpreted as a pair of guard, cells at the bottom of a depression. 
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Scanning electron microscopy examination of such pits on other 
seeds of this species show only the usual unbroken surface ajid no 
stomata were found on seeds from any of the 250 papilionoid species 
surveyed "by Lersten (personal communication). There are 
unmistakable stomata on seeds of eight species of Bauhinia 
(Rugenstein and Lersten, I98I).  
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MATERIALS AND METHODS 
Various sources of seeds, flowering, and fruiting material 
of genera in the tribe Gercideae, were utilized. 
Daily collections of flowering and fruiting material of 
Gereis canadensis were made, from 15 April I98O to 15 May I98O, 
from trees located just south of Bessey Hall on the Iowa State 
University Gampus, Ames, Iowa. This collection period included all 
stages of flowering and fruiting, from bud swell to anthesis of 
petals and extension of ovary. Daily collections were repeated, 
from the same trees, during the same developmental period in 
1981. 
Flowering and fruiting material of several species of 
Bauhinia were obtained in January I98O, from Fairchild Tropical 
Gardens, Miami, FL. 
Seed collections were made, with permission, from herbarium 
specimens annotated by R. P. Wunderlin, University of South Florida, 
Tampa. He also supplied vouchered seed samples of Bauhinia, Griffonia, 
and Adenolobus. Other seed samples were obtained from G. R. Gunn, 
Curator of Seeds, U. S. National Herbarium, Beltsville, MD. 
Mature seeds were studied from: 53 of the 225 Bauhinia species 
(25^ of total species), one of the two species of Adenolobus (50 ^ ), 
one of the four species of Griffonia (25 %), and five of the six 
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species of Gereis (83 ^ )• In addition, seed samples representing 
two genera of the Mimosoideae (Adenanthera, two species; Dichrostachys, 
two species) were compared with the seeds of the caesalpinioid taxa 
being studied. 
For most species represented, the size of the seed sample was 
small. There were visuaily enough seeds to allow scanning electron 
microscopic (SEM) examination of both the internal and external 
anatomy of at least two seeds. In some species, sufficient seeds 
were available to allow examination of the internal and external 
anatomy of at least four seeds. 
Scanning Electron Microscopy 
Fresh material 
Fresh flowering and fruiting material of Bauhinia was immediately 
fixed, in the field, in a solution of 2.5 % glutaraldehyde which was 
buffered to a pH of 7.2 with a phosphate buffer. This field-fixed 
material was transferred to fresh buffered fixative immediately upon 
return to the laboratory. Dehydration of collected material was by 
the standard grad.ed ethanol series, beginning with 20 % ethanol and 
stopping at 70 % ethanol. Dehydration was accomplished, at Iowa State 
University, Ames, Iowa, within three days after collection and 
fixation of specimens, in Florida. 
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Specimens were either processed immediately or stored, in 70 % 
ethanol, in sealed glass jars. Material selected for immediate 
examination was processed through the remainder of the standard 
graded ethanol series and a graded ethanol/Preon 113 series prior 
to critical-point-drying. Prepared specimens were then mounted on 
brass discs with silver conducting-paste, and allowed to remain 
overnight in a desiccator. A Polaron sputter-coater was used for 
palladium-gold coating, a JEOL JSM-35 SEM was used for viewing, and 
photographs were taJken with Polaroid 665 p/n film. 
Mature seeds 
Whole seeds or portions of seeds were sonicated for 60 sec in 
70 % ethanol, air-dried for I5 rain, and mounted on brass discs with 
silver conducting-paste. These preparations were allowed to remain 
overnight in a desiccator. Further processing and viewing conditions 
were similar to those stated for fresh fruiting material. 
Light Microscopy 
Cereis canadensis 
Fresh material of buds, flowering and fruiting material was 
fixed, in the field, in fresh formalin-alcohol-acetic acid (FAA). 
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This field-fixed material was transferred to fresh FAA and 
evacuated, within ten minutes of the time of collection. Evacuation 
continued until the specimens sank to the bottom of the container. 
Selected material was further dehydrated in the standard 
tertiary butyl alcohol series, infiltrated and embedded with 
Paraplast Plus, sectioned with a rotary microtome, mounted as 
serial sections, and processed with various stains as detailed in 
Berlyn and Miksche (1976) and Horner (1976). Sections were cut in 
various thicknesses, ranging from 12 to five microns. The 
thickness of a particular set of tissue sections was determined by 
the ease of sectioning that material and the viewing requirements. 
Bauhinia spp. 
Fresh material of buds, flowering and fruiting material was 
provided by collections made at the Fairchild Tropical Gardens, 
Miami, FL. These collections were made at the same time as the 
collections for SEM examination. The procedures used for fixation and 
dehydration were as stated in that section. The further dehydration, 
from 70 % ethanol, was through the graded tertiary butyl alcohol 
series, beginning at the appropriate point in that series. Further 
processing and examination was as stated for the Cercis material. 
Unstained fruits and ovules of both Bauhinia and Cercis were 
viewed with Nomarski optics. Critical preparations were photographed 
with Pan-X film. 
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OBSERVATIONS AND DISCUSSION 
Early stages of ovule development, megasporogenesls, 
megagametogenesls, and erabryogenesis, are described as observed 
in Gercis canadensis (Cercidinae, Gercideae). Certain • 
stages of megagaraetogenesis and embryogenesis are also described as 
observed in preparations from five species and one variety 
of Bauhinia (Bauhiniinae, Cercideae). Although megagametogenesis 
and embryo development have been studied in Cereis siliquastrum 
(Guignard, 1881a; Goursat, I963), these stages have not been 
previously described in G_^  canadensis. To my knowledge, there 
are no published studies of megasporogenesis, megagametogenesis 
or embryogenesis in Bauhiniinae. These observations are undertaken, 
not only for their intrinsic interest, but also to provide an 
anatomical basis for investigation of mature seed anatomy in 
Cercideae, 
Comparisons are made between mature and immature seeds of the 
same species, when suitable material was available. Changes in 
external seed testa patterns, which appear during seed maturation, 
and different stages in the maturation of such internal testa 
components as the macrosclereid layer and the mesotesta, are 
noted. 
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Observations are made of the internal and external anatomy of 
mature seeds of representative species belonging to Gercideae. 
Concurrently, comparisons are made "between Gercideae seed anatomy 
and that of four mimosoid species. Observations are made of 
seed testa pattern.and hilar anatomy and the nature of the unique 
Gercideae "micropylar lens" is examined. Observations are made of 
the morphology and distribution of stomata, an unusual component of 
Bauhinia seed testa. 
Gercideae Ovule 
Ovule curvature 
Those Gercideae ovules which I have observed are apotropous 
with examples from both Gercidinae (Plate V-D, Gereis canadensis) 
and Bauhiniinae (Plate X:B, G, Bauhinia divaricata). In these 
ovules, the bending of the funiculus towards the base of the carpel 
appears to result from the action of a localized meristem in the 
funicular tissue, between the funicular stalk and the micropyle 
(Fig. 1). Meristematic activity, as shewn by observed cell alignment, 
is present within the area indicated by Figure 1 in Gereis canadensis 
(Plate II;A, l) and Bauhinia purpurea (Plate VII:A-C). This observation 
agrees with those of Bor and Kapil (1975) that apotropy is a result 
of the localized intercalary meristems in the ovule. It appears 
probable that activity of these meristems may have another result, 
i.e. change in ovule shape. 
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Ovule shape 
Gercldeae ovules, as observed, are bitegmic and anatropous to 
anacampylotropous (Plates IM; V:D; VI;B-D). Rembert (1969a) had 
reported that the ovules of Gere is canadensis are campylotropous 
whereas Bocguet and Bersier (I960) described the Gereis ovule as 
anatropous to anacampylotropous. Both Bocquet (1959) and Bocguet 
and Bersier (I960) proposed that the anacampylotropous form could 
be derived, during maturation, from the initially anatropous ovule 
shape. They showed a continual shift in orientation and curvature 
between ovule initiation and maturation, and retained the prefix 
ana- to commemorate the original ovule condition of the finally 
campylotropous Gere is ovule^  
Figure 1. Location of intercalary meristem (dotted area) which 
may be responsible for apotropous ovule curvature in 
Gercideae, as well as the observed change from an 
anatropous ovule shape to an ajiacampylotropous shape. 
During maturation, pressure (arrows indicate direction 
of pressure) is exerted upon young ovule by cells 
derived from this funicular meristem. 
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Integuments and funiculus 
Formation of integuments In C ere is canadensis, the inner 
integument is initiated as a ring of tissue two cell layers thick, 
from the nucellar epidermal layer. This initiation "begins as the 
archesporial cell enlarges (Remhert, 1969a). The ring of inner 
integumentary tissue (Fig. 2c) has its inception about at the level 
of the base of the archesporial cell (Fig. 2 a,b; Plate ItA-C). 
The outer integument is initiated somewhat later from the 
subdermal nucellar tissue (Rembert, 1969a) as an outer hoop of 
tissue covering the upper portion of the nucellus (Fig. 2). 
Growth of integuments At initiation, each integument 
contains two cell layers (Plate I A, B). Limited periclinal 
divisions may occur in the inner integument but only at the 
tip, close to the micropyle. Here, four or five cell layers 
may develop, often well before the completion of megagametogenesis 
(Plates II;A, F; III:A-C). The inner integuments of Cere is 
canadensis and Bauhinia divaricata, for example, are usually 
thickened at the tip. In B^  purpurea, in contrast, the inner 
integuments appear to remain bilayered throughout their length 
(Plates VII;A, B; VIII;F). 
Although it is initiated later than the inner integument, the 
outer integument grows rapidly, covering the inner integument 
(Plate I;D). Prior to fertilization, periclinal divisions throughout 
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Figure 2. Ovule at initiation of integuments and differentiation of 
archespore. The probable congenital fusion between outer 
integument and funiculus makes the determination of any 
boundary between the two an arbitrary matter. Heavy 
stippling marks area often accepted as funiculus; light 
stippling marks area often accepted as outer integument; 
cross-hatching marks area often accepted as inner integument, 
a. after Plate I C, bar = 20 b. after Plate I A, 
bar = 11 ;am; c. diagrammatic representation ventral view 
of a. 
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the outer integument increase its original two cell layers to 5-9 
layers (Plates I;D; II;H, l) during megasporogenesis and mega-
game togenes is. Following fertilization and during embryo 
growth, periclinal cell divisions produce an outer integument 
consisting of 20 or more cell layers (Plates V:C; XVIII:A, C; 
XIX). 
Location of funiculus The funicular stalk ("funicle 
intermédiare" of Pitot, 1936) is found between the main body of 
the ovule and the placenta, in Cercideae. In addition, there 
is congenital fusion between outer integument and funiculus at 
the raphe (Fig. 2), making any attempt to separate the two 
somewhat subjective. 
Perhaps a term such as "raphal funiculus" would best 
describe this congenitally fused structure. One could then 
discriminate between the funicular stalk, which disattaches 
from the seed at the hilum, and the raphal funiculus, which 
remains as a major integral part of the seed testa. 
Nucellus 
The nucellus is initiated by localized cell divisions 
within the dorsal carpel wall (Plate X:A) either from epidermal 
or hypodermal layers. The available material did not allow me 
to determine the carpellary cell layer of origin of the Cercideae 
ovule. 
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Prefertillzation, mesasporogenesis In Gercideae, the 
nucellus is massive and the archespore arises from a subhypodermal 
cell (Plates I:A, B, Gereis canadensis; X:B, G, Bauhinia divaricata). 
The original pseudocrassinucellate condition, established by 
placement and mode of formation of the sporogenous cell, is 
maintained by cell divisions in the nucellar epidermis (Plates I; 
II:A, B, H, I; III:A-D; IV:C, Gere is canadensis; Plates VI:A, D; 
VIII:A-D, H; VIII:A, B, F, Bauhinia). 
Prefertilization, megagametogenesis When the megagametophyte 
is at the two-nucleate state in Cereis canadensis, there are 17-20 
cell layers between the nucellar epidermis and the micropylar 
end of the megagametophyte (Plate II:A, B). At the four-nucleate 
stage, the micropylar tip of the megagametophyte has enlarged and 
there are 10-12 cell layers between it and the nucellar epidermis 
(Plate II:l). Gellular divisions in the nucellar epidermis (Plate 
III:B) restore the original 17-20 cell layers in both Cj_ canadensis 
(Plate III;A) and in Bauhinia (Plate VII:A-D, H) prior to 
fertilization. 
Postfertilization The nucellar tissue becomes disorganized 
at the micropyle relatively early in embryo development (Plate 
XVIII:B, Bauhinia purpurea), especially close to the basal cells 
of the proembryo suspensor (Plate XVIII:D, F, C). At this stage, 
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the nucellus Is three to eight layers thick and completely surrounds 
the embryo sac between the transfer tissue of the endosperm and the 
bilayered inner integument (Plate XVIII:B, G). By the heart-shaped 
embryo stage, the transfer tissue of the endosperm rests against a 
single layer of nucellar cells at the micropyle (Plate XIX:D-F, 
Bauhinia variegata). Even at this stage, however, more than five 
layers of nucellar tissue remain at the chalazal end of the embryo 
sac (Plate XIX:A, B^  variegata). 
Megasporogenesis 
In Gereis canadensis, the enlarged archesporial cell acts 
as the megaspore mother cell and undergoes meiosis (Plate l:B-l). 
The chalazal member of the linear tetrad of megaspores forms the 
functional megaspore (Plate I:I). This observation agrees with 
that of Rembert (1969a) of megasporogenesis in the same species. 
The three non-functional megaspores appeared flattened 
(Plate I;H,l) and stained darkly with PAS as they senesced, in my 
material of canadensis. This strong sta.in reaction indicated 
the presence of polysaccharides in these non-functional megaspores. 
The available Bauhinia material did not provide observable 
stages of megasporogenesis beyond archespore formation. 
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Megagaimetogenesis and fertilization 
Megagametogenesis in Gereis canadensis and Bauhinia species 
adheres to the monosporic Polygonum type which is representative 
of angiosperms (Falser, 1975)» This type of female gametophyte 
development produces a megagametophyte containing two synergids, 
an egg nucleus, two polar nuclei, and three antipodals. 
Egg apparatus In both Gereis canadensis and in the 
Bauhinia species observed, the egg apparatus is composed of 
two synergids and an egg (Plates IIItD; VII;G, H; VIII:B). The 
synergids are pyriform, vacuolate at the rounded chalazal end, 
and contain nuclei which are located close to these vacuoles. 
In Gere is, the synergids stain strongly for carbohydrates, 
especially at the narrow micropylar end (Plates III; VII:G). 
The Bauhinia material was not amenable to PAS staining. 
Polar nuclei The two polar nuclei remain in the central part 
of the megagametophyte. They become appressed prior to fertilization 
but do not fuse until in contact with the sperm nucleus (Plate IV: 
E, F). At fertilization, the sperm nucleus approaches these 
two polar nuclei but there seems to be a membrane barrier 
separating the sperm nucleus from the polar nuclei (Plate IV: E). 
Even after this barrier is no longer noticeable, the two polar 
nucleoli and the sperm nucleus remain visible as separate entities 
within the primary endosperm nucleus (Plate V;A, B). 
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Saxton (1907) and Pantulu (19^ 5) noted that in the caesalpiniold 
genus Cassia the polar nuclei fused prior to fertilization, whereas 
Datta (193^ ) stated that, in C_^  tora, the polar nuclei remained 
separate until after fertilization. My own observations of polar 
nuclei fusion relative to fertilization are "based on a small sample 
and are further limited try the resolution ability of the light micro­
scope. The contradictory reports of others indicate that this would "be a 
valid area of inquiry, perhaps at the ultrastructural level. 
Antipodal cells Slide preparations of Cereis canadensis, 
stained with PAS (Plate III;E) or with toluidine blue (Plate IV;D) 
show the three antipodals persisting until fertilization (Plates IV 
D, H; Xl). In Bauhinia divaricata, the three antipodal cells were 
observed as three crescents flattened against the chalazal extremity 
of the megagametophyte, at fertilization. Sharmin's stain was used 
in this latter preparation. 
These persistent antipodals are most easily seen when 
prepared with a stain which emphasizes primary cell walls (Sharmin*s) 
although they are also visible when stained with a preparation which 
emphasizes polysaccharides (PAS) or with one which emphasizes nuclear 
features (toluidine blue). 
Persistent antipodals were reported by Guignard (1881c) to be 
the usual condition in caesalpinioids and mimosoids whereas the 
papilionolds were often reported as having ephemeral antipodals. 
More recent studies, in both papilionolds and caesalpinioids, have 
supported Guignard's statement. 
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Ghalazal haustoria 
Ghalazal haustoria are extensions from the megagametophyte into 
the integuments (Maheshwari, 1950). They do not appear to be part 
of the mature but unfertilized megagametophyte in either Eauhinia 
or Cere is. Ghalazal haustoria are present after fertilization in 
Bauhinia divaricata (Plate VI:G, F), ^  punctata (Plate VII;D), 
B. purpurea (Plate VI:D, E), and B_^  variegata var. Candida (Plates 
VI:A, B; VIII:B, G) of the Bauhiniinae, as well as in Gereis 
canadensis (Plate V:G) of the Gercidinae. 
Hypostase 
Nucellar tissue may be modified at the chalazal extremity of 
the megagametophyte to form a hypostase (Van Tieghem, I869). 
Two distinct hypostase types are present in the Gercideae examined 
here. 
Barrier tissue The hypostase observed in four species and 
one variety of Bauhinia (Plates VI:D-F; VII:D; VIII:A, B) consists 
of files of large, thick-walled, darkly-staining cells extending from 
the chalaza around the megagametophyte towards the center of that 
structure. It appears as a cap of thick-walled cells, of either 
nucellar or integumentary origin, in unstained ovules of Gereis 
canadensis (Plate V:G) and of the four species of Bauhinia (Plates 
VI;B, G; VIIIiG, E) examined with Nomarski optics. The nucellar 
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origin of this hypostase is verified "by stained sections of the same 
material (Plates VI:A, D-F; VIII;A, B). 
A hypostase, formed from nucellar cells, is present in some 
papilionoids (Johri and Garg, 1959; Rau, 1953). A similar 
modification of nucellar cells, in mimosoids, was described and 
illustrated as files of darkly-staining, thick-walled cells covering 
the chalazal area of the embryo .sac ( the "barrier tissue" of 
Dnyansagax, 1954d). The presence of a hypostase, in the caesalpinioid 
tribe Gercideae, has not been previously reported. 
Postament A hypostase consisting of a strand of cells 
extending from the chalaza through the center of the megagaimetophyte 
almost to the proximal end of the ovule, was observed in ovules of 
Bauhinia fassoglensis (Plates VII:E, F; XIII:E). This structure, 
in unstained ovules of ^  fassoglensis viewed with Nomarski optics 
(Plate XII:E), lacks the thick-walled appearance of the barrier 
tissue observed in similar preparations of other Gercideae species. 
Gauman (1919) diagrammed a similar structure in the mega-
gametophyte of Ghrysosplenium alternifolium (Saxifragales). His 
report indicates that the structure I observed in Bauhinia 
fassoglensis is not unique. Mogensen (1973)» along with Brown 
and Mogensen (1972), described the postament as a hypostase which 
extends from the chalazal end of the nucellus through the center of 
the megagametophyte. They stated that the postament cells are 
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ultrastructurally similar to those of the inner integument. Their 
observations regarding postament placement within the megagametophyte 
conform with my observations of the hypostase placement in fas-
soglensis, although the ultrastructural similarity between this 
hypostase and the integument has not yet been confirmed. 
Nucellar beak 
Nucellar tissue proliferation, resulting from periclinal cell 
division in the micropylar nucellar epidermis, was observed in 
Gereis canadensis (Plate IIIiB) and in the ovules of all Bauhinia 
species studied here (Plates VII:F, H; VIII;F, H). Consequently, 
the megagametophyte remains 8-20 cell layers away from the nucellar 
epidermis, even at fertilization (Plate 
Nucellar beak, Gercideae Such proliferation of nucellar 
tissue may also result in its extension past the inner integuments, 
as was observed in G_^  canadensis (Plates III;A-E; VII:G), Bauhinia 
fassoglensis (Plate VII;F), ^  punctata (Plate VIIIjH), and ^  purpurea 
(Plate VIII;F). This extension of nucellar tissue, an epistase 
(Van Tieghem, I90I) so extreme as to push apart the integuments, 
has been termed a nucellar beak (Maheshwari, 1950). 
Variation in nucellar beak, Gercideae I observed some variation 
in nucellar development and in the presence or absence of a nucellar 
beak, in the seven Gercideae taxa I examined. The nucellus may be 
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c Bauhlnia purpiarea, after 
Plate V B; bar = 25 >nn 
Bauhlnia variegata var. 
Candida, after Plate 
VIII B; bar = 100 pm 
b Bauhinia fassoglensis, after 
Plate VII F; bar = 25 yaa 
Figure 3> Variation in configuration of nucellar beaJc, Gercideae 
ovules containing mature megagametophytes. The nucellus 
may be completely enclosed by the inner integuments (a); 
be extruded past the inner integuments (b); or be extruded 
past both inner and outer integuments (c). Nucellar tissue 
is stippled. 
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extensive but still enclosed by the inner integuments, i.e. may not 
form a nucellar beak as such (Fig. 3a; Plate VII:D, H), be extruded 
past the inner integuments (Fig, Jh; Plates VII:F), or may be 
extruded past the inner and outer integuments (Fig. 3c; Plates 
VI;D; VII;A-G). In the latter case, a median longitudinal section 
(m.l.s.) through the extruded nucellar tissue of Bauhinia purpurea 
shows this structure as extended past the outer integuments, resting 
against the inner surface of the endocarp (Plates VI:D; VII;A-C). 
A m.l.s. through the mature megagametophyte of this same species 
shows a less extensive nucellar beak reaching only to the outer 
integuments (Plate VIII;E). These data imply that the plane of 
section at which the nucellar beak is observed is important. 
Guignard (1881a) noted that the nucellar tissue of Cereis 
siliquastrum extends past the inner integuments and lies against the 
outer integument. This observation agrees with mine, made with 
G. canadensis. Guignard also observed that the nucellar tissue of 
another caesalpinioid. Cassia tomentosa, does not extend past the 
inner integuments. Pantulu (19^ 5) reported a nucellar beak in 
Cassia occidentalis and implied that the presence of this structure 
was to be expected in caesalpinioids. Based upon these data and 
upon my own observations regarding the variability of nucellar beaJc 
prominence in Bauhinia, it seems probable that the tendency to form 
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a nucellar beak Is present in some caesalpinioids but that the structure 
may vary in its manifestation, from species to species. 
Secretory cells 
Nucellar epidermal cells of Bauhinia purpurea are larger than 
those of the subtending cell layer and may be modified for secretion 
(Plate VII:B) prior to fertilization. It may be that, in ^  purpurea, 
this elongated, extruded nucellar beak functions as an obturator. 
Groups of cells possibly modified for secretion were also observed 
in the epidermal tissue of carpels and ovules of other Cercideae. 
Cellular characteristics These cells appear as discrete 
entities in unstained material viewed with Nomarski optics (Plate 
VIII;C, E, G). They are larger than the surrounding epidermal cells 
(Plate VIII;B, D, F), have dense cytoplasm and large nuclei (Plate 
VIII:B, D, F, H), and unusually thick and clear outer epidermal 
walls (Plate VIII:F), in stained preparations. 
Distribution on carpel and ovule Location of these modified 
cells differs. They may be found on the inner epidermis of the 
endocarp beneath the exostome (Fig. 4; Plate VIII:F, G) in Bauhinia 
purpurea and ^  divaricata; on the inner epidermal surface of the 
endocarp surrounding the entire ovule (Fig. 4a; Plate VIII;E) in 
B. purpurea; on the surface of the funicular stalk (Fig. 4c; Plate 
VIII:B, C) in ^  variegata var. Candida; on the inner epidermis of 
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Figure 4. Diagrammatic representation of the observed location of 
modified, possibly secretory cells in the carpel and on 
the ovule of Cercideae species. Extensive modification 
of endocarp and ovule epidermal cells illustrated in a; 
modification of endocarp epidermal cells close to the 
exostome and modification of the outer and inner epidermis 
of the raphe illustrated in b; extensive extrusion of the 
nucellar tissue accompanied by modification of the endo­
carp, nucellar, and raphal epidermis is illustrated in c. 
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of the raphe (Fig. 4; Plate VIIIZE, H) in ^  purpurea and b. 
punctata; on portions of the outer epidermis of the ovule (Fig. 4; 
Plate VII:A, b) in ^  variegata var. Candida. Slightly enlarged 
and elongated cells, with thickened outer walls, are present on 
the inner epidermal surface of the endocarp, directly "beneath 
the exostome of Cereis canadensis (Plate I;F). NO indication of 
such modified cells remained when Nomarski optics were used to 
examine post-fertilization stages of Cj^  canadensis carpel tissue 
and ovules (Plate XI:E-G). The same method of observation used 
to examine comparable stages in Bauhinia revealed the continuing 
presence of these specialized cells (Plates VI;C; VIIIIC). 
It is possible that these modified cells perform a specialized 
function, such as secretion, in the genus Bauhinia but not in 
Gereis canadensis. The fixation method used with this material 
did not allow any•further testing to verify the supposed secretory 
nature of these modified epidermal cells. 
Nutrient transfer 
Integumentary tapeturn The integumentary tapetum consists of 
deeply staining inner integumentary cells which are elongate in a 
direction perpendicular to the megagametangium. Such cells were 
observed in Bauhinia fassoglensis (Plate VII:E, f) and may also 
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"be present in Bauhinia variegata var. candi&a (Plates VIII;A). 
Esau (1967) noted that, whereas the exact function of the 
integumentary tapetum is not established, it probably is connected 
with nutrient transfer. 
Polysaccharide distribution Changes in distribution of starch 
grains within the ovule during megasporogenesis and raegagametogenesis 
were observed in preparations of Gereis canadensis stained with 
PAS. 
Megasporogenesis A dense concentration of starch grains 
is present in the chalazal cells, just beneath the outer epidermis of 
the ovule, after completion of meiosis I (Plate I;D) and again after 
completion of meiosis II (Plate I;G). Starch grains also begin to 
accumulate at this time, between the funicular procambial cells 
and the nucellar tissue. The nucellar tissue contiguous to the 
archesporlum also stains darkly, but discrete starch grains are not 
visible. 
Megagametogenesis The originally high concentration of 
starch grains present in the chalazal area of the nucellus and in 
the antiraphal Integuments (Plate II;E, G, H) is lessened at the 
level of the megagametophyte when mitotic divisions occur within the 
structure (Plate II:B, l). The concentration of starch grains Increases 
in the nucellus and Integuments close to the megagametophyte during 
Intervals between mitotic divisions (Plate II:E, G, H). 
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Ecefertilizatlon Preparations stained with PAS show 
a high density of polysaccharides in the three to four cell layers 
contiguous to the megagametophyte (Plate b). The cells of 
the nucellar beak also stain darkly (Plate III:C) as does the 
interface between the nucellus aJid the inner and outer integuments, 
indicating other areas of high polysaccharide concentration. 
Postfertilization The zygote is densely stained, as are 
the nucellar cells close to the embryo sac. Discrete starch grains 
are numerous in the nucellus, inner integuments and in the chalazal 
region of the ovule (Plate V;G). 
Sporadic reports of the presence of starch granules in the 
legume ovule during megasporogenesis and megagametogenesis as well 
as early stages of embryo development, have been incorporated in the 
literature. Martin (1914) described variations in starch grain 
distribution among Vicia, Trifolium, and Medicago ovules. He noted 
that the highest concentration of starch was in the micropylar end 
of the nucellus and inner integuments of Vicia and Trifolium and in 
the megagametophyte of Medlcago. Based upon my own observations in 
Gereis canadensis, it seems more likely that the variation in starch 
granule distribution remarked upon by Martin had developmental rather 
than generic implications. 
Vascular tissue 
In anatropous bitegmic ovules, such as those of Gercideae, it is 
difficult to ascertain if the differentiating ovular vascular strand is 
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Figure 3- Dleigrammatlc representation of the three usual types of 
vascular organization in Cercideae; termination of the 
vascular strand at the chalaza,with no recurrent vascular 
bundle (a); termination of the vascular strand at the 
chalaza with a recurrent vascular bundle (b); and 
continuation of the vascular strand into the antiraphe (c). 
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located within the tissue of the funiculus or the outer integument, at 
the raphe. The sequence of vascular differentiation, from procambium 
to functional vascular tissue, is less ambiguous. Procambium is 
present in the raphal area of the ovule at the megasporogenesis 
stage (plate III;A, F, H, l). 
Sequence of vascular differentiation Unstained ovules 
of Gereis canadensis and several Bauhinia species, viewed with 
Nomarski optics, provided material for the observations of vascular 
differentiation within the ovule and between the ovule and the dorsal 
carpellary vascular strand. 
The phloem cells differentiate first, forming strands extending 
through the raphal portion of the ovule and through the funicular 
stalk between the carpel vascular strand to the chalazal region of 
the ovule (Plate VIII:C). Phloem very early forms a connection 
between the carpel vascular strand and the ovule vascular strand 
(Plates TI;A, H, I; VI;B). 
Xylem differentiates first within the raphal tissue of the ovule 
and in the funicular stalk close to the hilum with differentiation 
extending upward towards the chalaza (Plates V:G; VIII;E) and 
downward through the funicular stalk towards the carpel bundle 
Plate XI:A, B, H). In contrast to phloem, xylem strands are completed 
within the ovule before any connection forms between the ovule vasculature 
and the carpellary vascular strand (Plates V:C; XI;A, B). 
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The resultant xylem strands follow the already fully-differentiated 
phloem strands (Plate XIX:B) and eventually form an extensive delta-
shaped mass of vascular tissue at the junction with the carpel 
vascular "bundle (Plates VIII:G; XI:E-G,* XII;A, G, d). 
Gonfiguration of vascular strand The majority of Gercideae 
ovules contain a single massive vasculax bundle which terminated in 
the chalazal area of the ovule or, rarely, extends slightly past 
the chalaza (Fig. 5a; Plates VI:G, F; VIII;E). Throughout most of 
the ovule bundle the xylem strands consist of elongate cells having 
annular or helically-thickened walls (Plate XIII;B, D, f) but the 
xylem at the chalazal termination consists of shortened, tracheoidal 
cells with a peculiar armed or y-shaped form (Plate XII;E). 
Recurrent vascular bundle In some species of Bauhiniinae, 
the main portion of the ovule vascular bundle continues from the 
hilum through the raphe to the chalaza (Plates XVI:A, B; XVIIiA) 
but some vascular tissue extends from the hilum towards the 
micropyle (Fig. 5^ ; Plates XVI:A; XVIII:A) forming what has been 
called the "recurrent vasculax bundle." The xylem cells which 
terminate this recurrent vascular bundle are curved, twisted, and 
tracheoidal. 
Antiraphal extension A notable exception to chalazal 
termination of the ovule vascular strand was observed in ovules of 
Bauhinia fassoglensis. Even before fertilization the vascular 
tissue extends past the chalaza and into the antiraphe (Fig. 5c; 
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Plate XII;E, F). Only in this species do obviously separated 
multiple strands form the vascular complement of the ovule 
(Plate XII:A, B, F). When compared with other members of Cercideae 
observed here, the ovules of Bauhinia fassoglensis have a number of 
unusual features, among these are an extensive antiraphal vasculature, 
a multiple-stranded vascular system in the ovule, an unusual 
postament-like hypostase, and an integumentary tapetum. No 
mature seeds of ^  fassoglensis were available for study but it 
has also been reported to be one of the few legumes having a 
reticulate seed testa simulating an areole (Wunderlin et al., 1981). 
Reproductive Biology 
Andromonoecism in Bauhinia 
I noted, during light microscope examination of Bauhinia floral 
material, that ^  divaricata had andromonoecious racemes. In the 
functionally male flowers, the inner integuments do not develop 
past the first division of the nucellar epidermal cell. The outer 
integument does not differentiate (Plate X;G). Although the archespore 
enlarges (Plate X:B) when the microspores form (Plate X:E), the 
archespore aborts (Plate X;C) whereas the microspores mature into 
pollen grains (Plate X;F). Unstained and stained material of older 
stages, from the same racemes, contained ovules with normal 
megagametophytes and fertilized material developed into seeds. 
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Several generalizations have been made about floral adaptations 
to large animal pollinators (Grant, 1950; Van der Fiji, i96i). Large 
animals such as moths, butterflies, hummingbirds and bats have been 
observed to be Bauhinia pollinators (Arroyo, 1981; Heithaus et al., 
1973; Wunderlin, 1973). The evolution of floral adaptations to large 
animal pollinators may have been at least partially responsible for 
Bauhinia floral diversity. Andromonoecy has been mentioned as 
an adaptation to large animal pollination, specifically to bat 
pollination (Heithaus et al., 1973, B. pauletia). 
Dormant and non-dormant flower buds, Gercideae 
The formation of microspore tetrads, before the winter dormant 
period begins, was noted in flower buds of Gereis canadensis (Moore 
and Behney, i9o8). Ovule formation and maturation of the megagametophyte 
were observed to be concurrent with maturation of the pollen from the 
already present microspore tetrads, in flowers of Gereis 
canadensis collected during the spring blooming season (Plate IX:A, 
G, G, f). In those species of the tropical genus of Gercideae, Bauhinia, 
examined by me during this study, the microspores formed from the 
sporogenous tissue and quickly mature into binucleate pollen grains 
(Plate X:D-f). The floral material of Bauhinia appears to lack 
the adaptation to a dormancy period present in floral material of Gereis• 
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Dormant and non-dormant seeds, Cercideae 
Gereis canadensis has been noted as having dormant seeds 
(Afanasiev, 1944). The presence of a seed testa impermeable to 
water, i.e. hard seeds, have been reported in Bauhinia (Trivedi 
et al. (1980). Productive research into causes of the lack of 
germination requires that the research worker be cognizant of the 
difference between dormancy and quiescence. True dormancy is 
present when the seed has internal mechanisms (physiological) to 
inhibit germination and growth, and quiescence is maintained by an 
impermeable seed testa. Usually, but not always, hard seeds are 
quiescent rather than dormant. The seed which combines hardseededness 
with dormancy is particularly difficult to understand. Many legumes, 
including Cercis, combine these two mechanisms for the inhibition 
of seed germination. 
The seeds of Gereis canadensis require a specific after ripening 
regime before dormancy is overcome and normal seedling growth ensues. 
The dormancy factor preventing normal seedling growth is localized 
in the embryo rather than in the seed testa (Afanasiev, 1944). 
It is probable that immaturity of the embryo maintains seed dormancy 
in this species. A cytohistological study of the Gereis embryo during 
release from dormancy has not, to my knowledge, been done. The few 
such studies of the embryo during this process (Lodkina, i966, Euonymus 
europea; Pollock and Olney, 1959f Prunus) have yielded interesting data 
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on the location and timing of mitotic divisions in the embryo during 
the afterripening sequence necessary to allow release from dormancy. 
Gercideae Seed 
Ovules and immature seeds of two species of Bauhinia, 3. purpurea 
and ^  variegata, provided the material for some of the following 
observations of very early growth and development of seed testa and 
embryo. Observations of immature seeds will precede those of 
mature seeds. Components of the Gercideae seed which are considered 
to be important or unique, such as the testa epidermal pattern, the 
light line, the micropylar lens and hilar configuration, will be 
presented as separate categories. 
Seed testa and embryo development 
Postfertilization Gercideae ovules already have an obviously 
differentiated epidermal layer. The epidermis of Gercis canadensis 
ovules differs from the underlying tissue as early as the completion 
of megasporogenesis (Plate I:G-l) and, in Bauhinia, as early as the 
mature megagametophyte stage (Plates VI:D; VIII:B). These epidermal 
cells differ from subtending cell layers in their narrow, angular, 
cuboidal shape and in their reaction to various stains. They stain 
more darkly with PAS (Plate I:D), indicating a high polysaccharide 
content; with toluidine blue (Plate I:H, l), indicating active protein 
synthesis; and with Shaxmin's (Plate VIII:B, F), indicating rapid 
formation of primary cell walls. 
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Proembryo, seed testa Along the antiraphe, the parenchymatous 
tissue of the funicular stalk retains continuity with similar tissue of 
the mesotesta subtending the macrosclereid cells only at the hilar 
region (Plate XVIII;G), close to the vascular tissue, and along the 
hilar groove. Elsewhere, the differentiating macrosclereids form a 
continuous covering over the immature seed. 
The mesotesta is augmented by periclinal cell divisions in the 
outer integument (Plate XVIII;G, F) and funicular raphe (Plate XVIII; 
A, G). Differential staining of the somewhat stellate mesotestal cells 
located close to the embryo sac imply their functioning as storage 
cells (Plate XVIII;A, C). 
The inner integument retains its bilayered configuration and com­
pletely surrounds the nucellus and embryo sac (Plate XVIII:B, G). 
Darkly-staining transfer tissue is present between the basal 
suspensor cells and the nucellar remnants (Plate XVIII:G, D, F, G), 
between the endosperm and the nucellar remnants (Plate XVIII;B, C), 
and between the inner integument and the mesotesta (Plate XVIII:A, B, G). 
Proembryo. torpedo stage In Bauhinia purpurea. the 
proembryo is about 200 pia long. At least 150 ^  of this total 
length is suspensor. The basal portion of this suspensor consists 
of several large, thin-walled cells, each containing a prominent 
nucleus (Plate XVIII:D, G). Between these enlarged basal suspensor 
cells ajad the small embryo proper is a tier of cells about ^ -0 /m long 
and 10 ym wide (Plate XVIII:E). 
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Proembryo, endosperm At the early proemhryo stage, the 
endosperm is mostly free-nuclear. Some cell walls are "beginning to 
form in a layer bordering the darkly-staining endosperm transfer 
tissue which separates the endosperm from the remnants of nucellar 
tissue enclosing it (Plate XVIII:B). 
Early heart-stage embryo, seed testa The macrosclereids of 
the exotesta are about 20 ^  long in the seed testa between the 
crescentic branches of the hilar groove (Plate XIX:G) and about 
15^  long elsewhere on the young seed (Plate XIX:B, D). There is a 
parenchymatous extension of the funicular tissue into the mesotesta, 
at the hilum and along the hilar groove (XIX:C, D). 
The mesotesta now contains more than 30 cell layers (Plate XIX:A). 
These include layers of thin-walled parenchymatous cells directly 
beneath the exotesta (Plate XIX:A-C), several layers of stellate 
"storage" cells bordering the vascular tissue (Plate XIX:B, c) as well 
as the inner integument (Plate XIX;A, D-F), and fully-differentiated 
phloem and xylem (Plate XIX;B). 
The inner integument is still present between the nucellar remnants 
and the mesotesta (Plate XIX:A, E). Darkly-staining transfer tissue 
forms a border between the endosperm and the nucellus (Plate XIX:A, E, F). 
Early heart-stage embryo The embryo at this stage is about 
400 ^;Lun in length (Plate XIX :F). The basal portion of the suspensor 
contains several large cells connected to the heart-shaped embryo 
of Bauhinia variegata by a column of smaller cells (Plate XIX;E). 
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There seems to be an active meristem localized between the 
cotyledons, in what will later form the epicotyl-hypocotyl axis 
(Plate XIX;F). 
Early heart-stage embryo, endosperm Cellular endosperm is 
present around the periphery of the embryo sac and completely 
surrounds the embryo (Plate XIX:F). These endosperm cells are 
large and have irregular, thin walls. 
Other stages in embryonic development, in Cercideae, were 
unavailable for study. The next section will be concerned with 
the mature seed. 
Mature seed, embryo Observations of transverse sections 
of mature Cercideae seeds illustrate the asymmetrical placement of 
the embryo -within the seed. In both Bauhinia and Cereis, the 
fissure marking the dividing line between the cotyledons is 
not aligned along the plane marking the longest seed 
circumference (Plates XXIII:D; XXXXViE), or with the vascular 
strand (Plates XIV:E; XXIITP; XXIII:D; XXXXV:E). 
The cotyledons of Cercideae are robust, with elongate mesophyll 
cells (Plate XXXIIIrD) filled with stored reserves (Plate XXIII:D-P). 
The cuticularized epidermis is lent a wrinkled appearance by the 
tips of the underlying cells. Stomatal guard cells seem to 
be present (Plate XXIII:F). 
Cereis vs. Bauhinia embryo Kopooshian (I963) considered 
the typical mimosoid and caesalpinioid embryo to be straight, with 
large cotyledons and a short, thick, straight radicle whose tip 
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slightly exceeds the cotyledonaxy maxgins. He noted that the radicle 
of Bauhinia embryos do not fit this pattern. After observing seeds 
from almost a hundred species of Bauhinia, I found their embryos 
to have the short, thick radicle of the typical caesalpinioid 
embryo as described by Kopooshian (I963). The embryos of Percis, 
however, differ from Kopooshian's caesalpinioid pattern, and from 
Bauhinia, as follows: the Gereis radicle (Plate XXIV:B) extends 
much farther past the cotyledons than does that of Bauhinia (Plate 
XXII;A), is much more elongate and thinner (Plate XXIV;A) than is that 
of Bauhinia (Plate XXIII:C), and often appears slightly curved (Plate 
XXIV:B) rather than straight, as in Bauhinia (Plates XXII;A; XXIIIrC). 
Mature seed, endosperm This tissue is well-marked in 
Cereis, forming a thick layer completely surrounding the embryo 
(Plate XXIV:A, B). It may or may not be present to any noticeable 
extent, in mature Bauhinia seeds. It is separated from the adjoining 
embryo and testa by cuticular layers (Plate XXI:A, B) and contains 
cells which may appear empty (Plate XXI:D) or be packed with reserves 
(Plates XXII:F;XXIII:E). The endosperm in Bauhinia seeds conforms 
to the space available between the embryo and the seed testa. For 
example, in Bauhinia galpinii, the testa extends in an even layer 
around the embryo, with the endosperm filling any uneven spaces 
between the embryo and the testa. When the seed is viewed in 
longitudinal section, the endosperm is most obvious in the deltoid 
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area between the radicle and the cotyledon (Plate XXII:A, c) and 
when viewed in transverse section, the endosperm appears as a 
fusiform layer of tissue between the cotyledons and the testa 
('Plates XXII;E; XXIII;d).  Wunder lin (1973) and Wunderlin et al. (i98i) 
speculated that the variation in the amount of albumin present in 
Bauhinia seeds may have taxonomic significance. 
Funiculus in Gercideae ovule and seed 
In subsequent references to Gercideae seed anatomy, I shall 
retain the definition of the funiculus in the sense in which it 
is applied to the ovule, namely, the funiculus is the structure 
connecting the placenta and the chalaza of the ovule. It is 
congenitally fused with the tissue of the outer integument and is 
not separable from the outer integument. The funiculax stalk is 
that portion of the funiculus which extends between the placenta 
and the hilum and the funicular raphe or raphal funiculus is that 
portion of the funiculus which extends between the hilum and the 
chalaza. 
Maturation of Exotesta 
In Gercideae, with the exception of the funicular tissue forming 
the hilar tongue and the hilar groove extension, the mature exotesta 
consists almost exclusively of a single layer of closely appressed 
and elongated macrosclereid cells. Differentiation of macrosclereids 
begins in the chalazal region and antiraphe of the ovule (Plates II:A; 
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VI:D). Macrosclereids eventually cover the entire seed, with the 
exception of the hilum aJid hilar groove (Plates VIII;F; XIX:G, D) 
where the distal portion of the funiculus retains a parenchymatous 
epidermis (Plate XVIII:A, C). A cutin layer forms over the outer 
portion of the macrosclereid layer (Plate XX:C, D) and, as the 
macrosclereids attain their mature height, the cutin layer assumes 
its typical testa pattern (Plate XX;E, F). Even after reaching their 
full height, the macrosclereids lack a light line as long as the lumen 
extends from "base to tip (Plate XX;E, F). At maturity, the lumen is 
narrow at best, being broadest at the base of the cell and narrowing 
gradually up to the light line (Plate XXV:A). 
Overgrown seeds re. Corner vs. immature macrosclereids Con­
sidering the sequential maturation of macrosclereids, i.e. elongation 
followed by cutin deposition, retreat of the lumen towards the base of 
the macrosclereid, and subsequent formation of the light line, one 
could propose that any observations made before the matwat ion process 
was complete could match the Corner (1951) description of overgrown 
Bauhinia seeds. These seeds were described by Corner as being exal-
buminous and as lacking differentiated macrosclereids. His diagram of 
the "overgrown" ^  purpurea seed testa resembles the testa observed 
on some seeds of the same species (Plate XX:A, B). Mature seed testa from 
the same species had fully-elongated, cutinized macrosclereids (Plates 
XX;F; XXX:F) with a differentiated light line. It is possible that 
Corner's overgrown ^  purpurea was instead an immature stage of the 
seed from that species. 
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Mature macrosclereids, Bauhinia In Bauhinia seeds, each 
macrosclereld cell is an elongated hexagonal column having a blunt 
tip with slightly rounded corners (Plates XX:F; XXV:E). These 
cells are gradually occluded "by the centripetal deposition of 
layers of cell wall material (Plate XXVII;B) but the outer tip 
retains a hexagonal shape (Plate XXVII;B, D) and the outer layer 
of cutin often reveals a central depression in the cell (Plate 
XX:F). AS a result, either a foveolate (Plate XXIX:C, D) or a 
reticulate (Plate XXX;A-F) external testa pattern is formed by the 
cutin layer covering these blunt, often partially hollow macro-
sclereid tips. These patterns are common epidermal testa patterns 
in Bauhinia. 
The macrosclereids of the papilionoid Crotalaria (Miller, I967) 
and the mimosoid Prosopis (Werker et al., 1973) were both shown to 
have a similarly blunt-tipped, thick and layered outer cell wall 
conf iguration. 
Mature macrosclereids, Gere is Gereis seeds have macrosclereids 
which seem less sturdy and robust than those of Bauhinia. The outer 
portion of the macrosclereid (Plate XXVI:B) is composed of separated 
extensions of the cell wall ("spicules" of Arnholt, I969) arching 
together at their tips (Plate XXVI;A, B). The cutin covering this 
outer testa exhibits a papillose pattern (Plate XXVIII:A, G) which 
conforms to the arched configuration of the underlying macrosclereids. 
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Two other caesalpinloids, Cassia fasciculata (Arnholt, I969) and 
Gereis siliquastrum (Valenti et al., 1979) have similarly arched 
spiculate outer macrosclereid tips. 
Light line 
The light line is almost always present in mature Cercideae 
exotesta although it may be variable in location relative to the 
tip of the macrosclereid, especially in Bauhinia (Plate XXV:A - F ) .  
It is usually close to the outer portion of the macrosclereid in 
Cereis (Plate XXVI:A, C, E) but exceptions to this high placement 
of the light line are; along the hilar groove (Plates XXXXII:D-F; 
XXXXIV:A, B; XXXXV;A, c) and at the raphe directly above the 
vascular bundle (Plate XXXXV;E, F). 
At this point light is refracted at a different angle, probably 
because at this point in the macrosclereid cell wall the microfibrils 
are aligned perpendicular to those in the rest of the cell wall. 
Gunn (1981) noted, however, that it is likely that the light line 
is caused by twisting of the internal secondary walls of the 
macrosclereids as a result of the almost complete occlusion of the 
cell lumen. If this is the way in which the light line forms, one 
would expect to find a spirallng pattern to the microfibril orientation, 
reflecting the twisting motion being postulated. Although the 
initiation of a very tight spiral could produce a layer of 
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microfibrils which appear to be lying at right angles to the subtending 
layer of microfibrils, a continuation of this spiralling orientation 
throughout the light line is not indicated by the work of Scott 
et al. (1962). 
Light line function It has usually been considered, as was 
noted by Pammel (1899) in his review of literature dealing with the 
legume seed and later by Spurny (l95^ b), that a probable function of 
the light line is to maintain the impermeability of the exotesta. 
More recent work (Gunn, i98i; Lersten and Gunn, i982) has indicated 
no Important changes in earlier hypotheses regarding the function of 
the light line as an obstruction to the passage of water through the 
exotesta. I would like to propose another possible function, that 
of adding flexibility to the macrosclereld cell. There Is some 
indication that the macrosclereld cell is under varying tension 
above and below the light line, at points of stress such as along 
the hilar groove (Plates XXXXII:G, f; XXXXIIIiB, d, G). The light 
line may act as a pivot point in the reaction to physical pressure 
exerted upon the exotesta(Plates XXXXV:A, d; XXXXVIIiA, d, f) .  
Maturation of Mesotesta 
The mesotesta is derived from non-epidermal cells of the 
outer integument and raphal funiculus. This component of the seed 
testa is usually filled with storage parenchyma. Gercideae mesotesta 
tissue also contains cells specialized for other functions, especially 
at the hilar region. 
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Mesotesta depth The mesotesta thickness varies with location 
on the seed, being greatest at the hilar region close to the radicle 
and of lesser depth at the midseed (Fig. 6). Measurements made at 
the thickest part of the mature Bauhinia seed, -.directly perpendicular 
to the groove formed "between the radicle and that cotyledon which is 
directly beneath the hilum (Fig. 6a) illustrates that the thickness 
of the mature testa may also vary among seeds from different taxa. 
The testa of Bauhinia purpurea is about 500 ^  thick at this point, 
B. retusa about 2000 /im thick and ^  macranthera 1000 jm thick 
(Plate XXIII:A-G). Measurements made at the corresponding point on 
a. 
Figure 6. Diagrammatic representation of Gercideae seed at hilum. 
Measured depth along indicated line Includes the embryonic 
endosperm tissue along with the mesotesta and shows the 
relatively larger volume of endosperm present in 
Gereis seeds. Bauhinia (a); Gereis (b); mesotesta 
indicated ly stippled area. 
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Gere is seeds (Fig. ôTd) shows a mesotesta depth of about 600 ^  in 
G. siliquastrxjm and 400 jm in G_^  occidentalis. When endosperm 
depth is added to the depth of the mesotesta, the C_^  siliquastrum 
seed is about 1400 ^;um and G_L occidentalis about I5OO jjm thick at 
this point (Plate XXIVtA, B). Gomparable measurements of endosperm 
depth in the Bauhinia seeds show that ^  purpurea has an endosperm 
depth of about 3OO jum, ^  retusa of about 4_50 ^  and ^  macranthera 
of 100 Measurements made of the seed testa of G ere is canadensis 
by Ghalon (1875) and Kopooshian (I963) are compatible with my own 
observations in C_^  siliquastrum and G_^  occidentalis. 
Mesotesta subdivisions, reserve tissue Gercideae seed testa, 
during early stages of maturation as indicated by the presence of 
relatively short macrosclereids lacking any light line, often has 
stellate mesotesta cells packed with reserves (Plate XXI;F). In the 
mature seed as indicated by the presence of elongate macrosclereid 
cells with a well-marked light line, these stellate mesotesta cells 
may lack such reserves throughout the mesotesta (Plates XXI:A, G, D; 
XXII:A, G, F). Other mature seeds retain reserves in these stellate 
mesotesta cells, especially around the vascular tissue (Plates XIV: 
B, D; XXVI-.G) and often throughout the mesotesta (Plates XIV;G; 
XXIII:E; XXIV:C). 
Mesotesta subdivisions, vascular tissue The mature seed 
contains easily identifiable xylem vessels and tracheids but phloem 
is difficult or impossible to locate (Plate XIV:B, D, F). The fully 
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differentiated vascular strand may contain protoxylem in the center 
(plate XV;A-c). These protoxylem cells may be distorted and stretched 
until a lacuna forms (Plate XV:D). Metaxylem vessels surrounding this 
central lacuna (Plate XV;D) are sometimes attached to contiguous cells 
by processes extending from,the helical wall thickenings (Plate 
XV:E). 
Xylem at the hilum The abscission of the ma,tuce Gercideae 
seed from the funicular stalk severs the vascular strand, at the hilum 
(Plates XVII:A; XV:F; XXXXVtC, D; XXXXVII:D; LII:A; LXII:A-D; LXIII: 
A, B; LXIV:A, B; LXVI:G, D). Scanning electron microscopy examination 
of the hilar vascular tissue at this point of abscission reveals 
short, thick, occasionally pitted tracheoidal cells (Plate XVII:G, E, F). 
Xylem cells with bordered pits were observed at the hilum of Bauhinia 
ruFa (Plate XVII;F). 
Mesotesta subdivisions, aerenchyma Gomposed of elongate, armed 
cells in Gereis (Plate XXXXVIiF) and of elongate, pitted cells (Plates 
XVII;D; XXXXVIII:B; XXXXIXîF) or thin-walled, barrel-shaped cells 
(Plate LII:F) in Bauhinia; aerenchymatous tissue subtends the hilar 
groove of Gereis (Plates XXXXIV:A, B, D; XXXXVI:G, D) and Bauhinia 
(Plates XXXXVI;A; XXXXVIII;A, D, E; XXXXIX;A, E; LII:G-E) as well as 
extending between the mesotesta and the exterior of the seed along the 
hilar groove in Bauhinia (Plates XXVIIIE; XXXXIXRC; LII:F). This 
aerenchymatous tissue is sparsely distributed in the subhilar chamber 
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of Gereis (Plates XXXXIV;A, B, D; XXXXVI:G, V )  whereas it not only 
adheres to the macrosclereids along the hilar groove but also is 
densely-packed in the raesotesta "beneath the hilar groove of 
Bauhinia (Plates XXXXVI-.A; XXXXVIII:D, E) . 
Lack of osteosclereids 
In Gercideae, the mesotesta lacks any indication of a specialized 
hypodermal layer of osteosclereids (Plates XIII;A; LI:D, E). One may 
speculate as to whether the reason Gercideae seeds lack a differentiated 
osteosclereid layer is because they lack some necessary part of the 
mechanism which triggers synchronous differentiation of both the 
macrosclereid layer of the exotesta and the hypodermal layer in other 
legume seeds. Rowson (1952) noted this almost synchronous 
differentiation, along with the presence of a transition zone, in 
some papilionoid legume seeds. 
Gunn (1981) speculated that in legume seeds this osteosclereid 
layer probably functions as "...girders and to supposedly facilitate 
the exit of water vapor as parts of the testa become water tight...." 
While this speculation has not yet been confirmed by experimental 
evidence, the distribution of osteosclereids in the species whose 
seeds lack a continuous osteosclereid layer (Plate XXXIX : G) lends 
indirect support to Gunn's speculation. It remains to be explained 
142 
by what means Gercideae seeds facilitate the exit of water vapor in 
the absence of an osteosclereid layer. Gunn noted the probability 
that "...valves to facilitate desiccation and areas of epidermal 
weakness to allow imbibition of water during germination, developed 
several times... in legume seeds." He also speculated that in 
Gercideae, such a valve is formed by a parenchymal connection from 
the funicle into the seed. Giinn (I98I) also cited Hyde (unpublished) 
as having demonstrated the valve-like nature of the pie urogram which 
forms a crack (face line of Isley, 1955) on each face of the hard 
seeds of Mimosoideae as well as on occasional species within 
the caesalpinioid tribes of Caesalpinieae and Amherstieae. 
Testa epidermal patterns 
The testa of Gercideae seeds appears smooth when viewed at 
low magnification. Magnifications of 1000 times or more reveal 
topographic testa patterns similar to those found on papilionoid 
seeds, although testa pattern details visible on papilionoid seeds 
at this magnification were visible on Gercideae seeds only at three 
times that magnification. The Gercideae epidermal testa pattern 
was recorded at two separate locations, midseed and hilar groove. 
Midseed The testai pattern at the midseed is usually 
reticulate, foveolate, or papillose, these being the three primary 
testa patterns as defined try Barthlott (I98I) as accurately reflecting 
the configuration of the underlying macrosclereid cells (Fig. ?). 
Figure 7* Diagrammatic representation of three primary testa patterns. 
Polar view at right, longitudinal view at left, with boundary 
between cells indicated by the dashed lines. The individual 
macrosclereid cells are covered by a continuous sheet of 
cutin. Contiguous cells are joined by cutin ridges in the 
reticulate testa pattern and are separated by grooves in 
the foveolate and papillose testa patterns. The underlying 
macrosclereids are blunt-tipped in the case of reticulate 
and foveolate testa patterns and are arched or acutely-
tipped in bhe papillose testa pattern. 
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Reticulate testa pattern This pattern forms when 
the cuticular layer is deposited over blunt-tipped macrosclereids 
in such a way as to join adjacent cells by a continuous ridge 
(Fig. 7; Plates XXX:A-F; XXXI;D; XXXII:D). Variations in this 
pattern include the presence of pits and depressions (Plates 
XXXIII;B, E, F ; XXXIV;B) and differences in the relative width of 
the adjoining ridges (Plate XXX:A, E). It is possible that the 
ridge width is correlated with maturation stage in that particular 
seed (compare Plates XXX:F and XXXI: G,.both Bauhinia purpurea, two 
different seeds). 
Testa pattern has been proposed to have taxonomic significance 
in papilionoids (Lersten, 1979, 1981; Lersten and Gunn, 1981, 1982). 
I observed that the reticulate pattern is common in New World species 
of Gercideae from subgenus B&uhinia section Bauhinia and in 
seeds from subgenus Schnella section Gaulotretis. Seeds sampled from 
Adenolobùs. Gercis. and Griffonia. together with Old World species of 
Bauhinia belonging to taxa grouped in Micraldesia and Afrobauhinia 
do not have a reticulate testa pattern. 
Foveolate testa pattern This pattern forms when the 
cuticular layer is deposited over blunt-tipped macrosclereids in such 
a way as to separate adjacent cells by grooves (Fig. 7; Plate XXIX; 
A-E). Testa patterns are foveolate in Griffonia, in Bauhinia subgenus 
Phanera section Phanera and subgenus Bauhinia section Piliostigma. as 
well as in a small proportion of seeds from subgenus Bauhinia section 
Bauhinia and from Gercis. 
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Papillose testa pattern This pattern forms when the 
cuticular layer is deposited over acutely-tipped macrosclereids in 
such a way as to separate adjacent cells by grooves (Fig. 7; Plate 
XXXIV:A, E, f). The papillose testa pattern is common in Gereis 
and in the Old World Bauhinia taxon Afrobauhinia, and occasional 
in Bauhinia section Bauhinia. 
Other testa patterns Secondary testa patterns do not 
reflect the underlying macrosclereid tip but instead form as a result 
of heavy cuticularization of the testa surface or from epicuticular 
wax deposits (Barthlott, i98i). Laevigate or smooth, rugulate or 
irregularly roughened (Plates XXIX;E, F; XXXII:G, E, F) and striate 
(Plates XXXII;A, B; XXXIII:G, D) seed surface patterns are examples 
of secondary testa patterns observed in Gercideae. The laevigate 
and rugulate epidermal testa patterns are common on seeds representing 
the Old World Bauhinia taxa of Afrobauhinia and Micraldesia as well 
as on seeds from Bauhinia subgenus Phanera section Lysiophyllum. The 
striate, laevigate and rugulate testa patterns axe occasionally 
present on seeds from Bauhinia section Bauhinia but have not been 
noted on seeds of Gereis, Bauhinia subgenus Phanera section Phanera 
or subgenus Schnella section Gaulotretis. 
Testa pattern at hilar groove The testa surface at the 
Gercideae hilar groove is heavily cuticularized as indicated both 
by the obscuring of the underlying macrosclereid outline and by the 
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preponderance of secondary testa patterns such as laevigate, rugulate, 
and various combinations of striations. The following table (Table l) 
Table 1. Cercideae seed testa patterns at hilar groove 
Pattern Taxon Plate No. 
Foveolate 
Substriate 
overlying reticulate 
overlying reticulate 
overlying papillose 
striations at angle to 
hilar groove 
45 degrees 
90 degrees 
90 degrees 
Rugulate 
Subrugulate 
Laevigate 
Bauhinia 
section Piliostigma 
section Piliostigma 
section Bauhinia 
subseries Aculeata 
subseries Bauhinia 
subseries Pauletia 
subseries Amaria 
subseries Bauhinia 
Gérais 
Bauhinia 
subseries Bauhinia 
subseries Bauhinia 
subseries Bauhinia 
subseries Bauhinia 
XXXV:F 
XXXV;G 
XXXVI;D 
XXXVI:F 
XXXVI:A 
XXXVI:B 
XXXVItD 
XXXV:A 
XXXV;C 
XXXVI:G 
XXXV:D 
XXXV;B 
presents data pertaining to some of the seed testa patterns observed 
at the hilar groove on Bauhinia and Gereis. Taxa examined are 
widely distributed among these secondary testa patterns. 
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Exotesta cracks 
Location The Cercideae seed exotesta can develop cracks 
crossing the hilar groove (Plate XVIII;C, E, Bauhinia), the radicular 
lobe (plate D, Bauhinia), and the chalaza (Plates XXXXIII:A, B, 
Bauhinia; XIII;E, Gereis), or radiating away from the hilum (Plates 
XXXXIV:A, B; LXIV:D, F, Cereis),or forming a network across the 
lateral portion of the seed (Plates XXXXIII;E; LI:F; LVIII;D, Bauhinia). 
Anatomical features The macrosclereids bordering these 
exotestal cracks are covered with cutin only at the outer tip (Plate 
XXXXIII:B, F). These cracks may extend from the outer cutin layer 
through the exotesta to the mesotesta (Plate XXXXIII;A, B, G) but 
sometimes are present only between the mesotesta and the light line 
(Plates XIII;D; XXXXIIIzD) or only between the light line and the 
outer cutin layer (Plate LI;F). The macrosclereids bordering the 
crack are closest to each other at the tip, light line, and base 
(Plate XXXXIIIsB, G), when the crack extends from the outer cutin 
layer to the mesotesta and are closest to each -other at the light 
line (Plates XIII;D; XXXXIIIzD) when the crack does not extend the 
entire distance between the outer cutinized layer and the raesotesta. 
Hilar groove 
In Cercideae seeds, a hilar groove forms as two opposite layers 
of exotesta converge on either side of the parenchymatous funicular 
stalk tissue, during maturation (Fig. 8). The longest dimension of 
Figure 8. Formation of hilar groove in Cercideae. Exotesta 
expands into funicular tissue (stippled) in the 
direction shown by arrows. Hilar groove is formed 
at point at which opposing exotesta layers meet. 
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GereIs: after Plate XI:E 
b. polar view 
a. hilar groove c.s. along plane indicated "by dashed 
line in b. 
Bauhinia 
c. hilar groove c.s. along plane 
indicated by dashed line in d. 
d. polar view 
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the hilar groove is perpendicular to the broad portion of the seed 
in Cercidinae (Fig. 8b; Plate LXIVtC) whereas in Bauhiniinae its 
longest dimension is parallel to the broad portion of the seed 
(Fig. 8d; Plates LVII:B; LXIIID). In both Cercidinae (Plate 
LXIV:A, G-F) and Bauhiniinae (Plate LKII:A, B, D), the vascular 
tissue usually emerges from the seed at the midpoint of the hilar 
groove. 
Hilar groove, Gereis The hilar groove is subtended by a 
subhilar chamber (Plate XXXXIV;B, D) filled with a mass of loosely 
arranged, elongate aerenchyma cells (Plate XXXXVI:G-E) and bordered 
by stellate parenchyma storage cells (Plate XXXXIV;G, D). Loosely 
arranged stellate parenchyma cells form a transition zone (Plate 
XXXXIVtD) between the elongate aerenchyma and the more tightly 
arranged stellate parenchyma cells. Vascular tissue ascends along 
the margin of the subhilar chamber (Plate XXXXV;G). A rim membrane 
surrounds the vascular tissue at this point and marks the final 
point of attachment between exotesta and funicular stalk (Plates 
XXXXVItC; LXVI;G, D). The curvature of the light line at the hilar 
groove (Plates XXXXII;E; XXXXIV:B) may put this portion of the exotesta 
under tension. 
Hilar groove, Bauhinia The hilar groove is subtended by 
a cohesive mass of elongate, empty, often pitted aerenchyma cells 
(Plates XXXXVI:A; XXXXVIII;B, F; XXXXIX;E, F). Parenchymatous cells 
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also adhere to the macrosclereid cells which rim the hilar groove 
(Plates XXXXIX:A, G-E). The rim membrane, probably a remnant of the 
funicular stalk tissue, is present along the margin of the hilar 
groove (Plates XXXV:B, G, F; XXXVI:A-D). The prominence of the rim 
membrane is variable, sometimes extending well above the exotesta 
surface along the hilar groove (Plates LXI:A; LXIII;E) and sometimes 
being overtopped by the exotesta along the hilar groove (Plate LIX;B). 
The crescent shape of the hilar groove surrounds an extension of 
exotesta (Fig.Sd; Plate LIII:D)and the macrosclereid cells which 
border the hilar groove arch towards the groove, with the most distal 
point at the light line (Plate XXXXVII;D). 
Variation in hilar groove closure In both Gereis and Bauhinia, 
the degree of hilar groove closure varied from seed to seed. The hilar 
groove was observed to be open (Plate XXXXVIIrG), tightly closed (Plate 
XXXXVII:B, G), or slightly closed (Plate XXXXVII:A, D). When the 
hilar groove is open the macrosclereid layers along the groove do not 
touch, even at the light line and the aerenchyma subtending the hilar 
groove is exposed to the air (Plate XXXXVII;G). When the hilar groove 
is slightly closed, the macrosclereids along the groove touch at the 
light line and only the rim membrane parenchyma and the parenchyma 
above the light line is exposed to the air (Plate XXXXVII;D). When 
the hilar groove is tightly closed, the macrosclereids along the groove 
are appressed throughout their length ajid very little of the parenchyma 
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attached to these macrosclereids at the hilar groove is exposed to the 
air (Plate XXXXVII:B, C). The vascular tissue of the emergent vascular 
strand may also "be completely compressed between the macrosclereids 
of the closed hilar groove (Plate XXXXVII:G, D). 
Proposed mechanism for hilar groove closure Macrosclereids 
along the hilar groove are not completely impermeable to water because 
they are covered with cutin only at the outer tip. Although the 
cuticularized rim membrane may extend above the hilar groove the 
parenchymatous remnants of the funicular stalk axe attached to the 
macrosclereids along the hilar groove and extend into the mesotesta. 
The hilar groove is subtended by elongate, pitted, aerenchymatous 
cells which may or may not allow the passage of water vapor. If the 
macrosclereids along the hilar groove react to changes in humidity 
by swelling or shrinking and if, when they swell, they expand into the 
hilar groove, then the effect of increased humidity would be closure 
of the hilar groove (Fig. 9, bottom). On the contrary, if the macro­
sclereids shrink under conditions of desiccation, then the effect of 
decreased humidity would be to open the hilar groove and expose the 
subtending aeronchyma to the air (Fig. 9» top). 
Hilar tongue 
The base of this structure is a continuation of the exotesta 
(Plate LII:A, C) in the mature Bauhinia seed but it has its source 
in the funicular stalk cells adjacent to the hilum. The parenchymatous 
Figure 9» Proposed hilar groove closure in Bauhinia• The hilar 
groove of Bauhinia is shown in open and closed positions. 
The mechanism affecting this change is proposed to be 
the response of the macrosclereid cell walls to changes 
in humidity. 
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tissue of the funicular stalk is continuous with the parenchymatous 
tissue of the raphal funiculus, at the hilum of the very young seed 
(Plate XVIII:A, C). Funicular stalk cells located adjacent to the 
macrosclereids become elongate (Plate XIX:C, D), and form secondary 
walls as the testa continues to differentiate. This funicular 
stalk tissue is the source of the funicular remnant or hilar 
tongue so often present on the mature Bauhinia seed (Plate LVII:A, D). 
The abscission of the hilar tongue from the rest of the funicular 
stalk tissue usually occurs when the legume dehisces (Berg, 1979; 
Corner, 1951)- Variations in the configuration of the hilar 
tongue have been proposed as having taxonomic value (Wunderlin, 
1973). 
Micropyle 
Bauhiniinae In this taxon, the micropyle may appear as a 
linear slit (Plates LV;A, B; LXI:B, D) or as an ovoid or circular, 
depression (Plates LVIII:A, B; LXIII:C, F), but most commonly it 
forms a deltoid depression with the shorter, diverging prongs 
usually pointing towards the hilar groove (Plates LVI:A-E; 
LXV:C). 
Cercidinae In this taxon, the micropyle is usually a single 
slit placed with the long axis perpendicular to the long axis of the 
hilar groove (Plates LXIV:B, C; LXV;D; LXVI;B-D). Not only does 
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the Gereis micropyle resemble a slit when viewed externally hut 
the internal structure of its upper portion seems to consist of a 
simple break in the macrosclereid layer (Plate LXVI:B) with 
a margin formed by macrosclereids arranged parallel to the 
slit and perpendicular to the outer testa surface. Occasionally, 
closer examination of the Cereis micropyle reveals an incipient 
deltoid shape (Plate LXVIzA) which is hidden as the seed matures. 
Adenolobus has the elongate hilar groove and micropyle so common 
in Gercidinae but both are ornamented by a ridged and 
revolute border (Plates IiXIV:B; LXViB) reminiscent of those present 
on seeds of the mimosoid Adenanthera pavonia (Plate XXXXI:A, B). 
The seeds of Griffonia simplicifolia, with a deltoid, unornamented 
micropyle (Plates LXIV;A; LXV:A) resembling that commonly found 
in Bauhinia, are exceptions to the generalization that Gercidinae 
seeds have a linear micropyle. 
The taxonomic utility of external micropylar configuration 
was noted by Lersten and Gunn (i98i) and my own observations in 
the tribe Gercideae supplement their conclusions regarding papilionoid 
seeds. 
The functional utility of the micropyle in the ovule is 
seldom doubted but the notion that it retains any usefulness in 
the mature seed is just as seldom proposed. The Bauhinia micropyle 
is usually occluded by heavy cutin deposits on the surrounding 
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macrosclereids but the Gereis micropyle is not. Indeed, these 
macrosclereids may form extensive exotesta fractures in the 
mature seed. It is possible that the Gere is micropyle may 
retain some functional importance in the mature seed, 
Micropyle as source for seed appendage In the ovule, the 
micropyle is not a structure in itself but rather a space 
given form, like the hole in the doughnut, by surrounding 
structures. Corner (1951i 1976) differentiated between two 
seed appendages by stating that one, the aril, may originate from 
the micropyle (an empty space) whereas the other, the arillode, 
has as its origin the exostome (also an empty space because the 
exostome is that portion of the micropyle extending between the 
outer integuments). In his definition. Corner may have meant the 
structures surrounding the micropyle and the exostome. Even then, 
assuming that Corner actually meant the tissue surrounding the 
empty space of the micropyle, still the fact remains that 
because the exostome is part of the micropyle any structure 
originating from the exostome would, by definition, be originating 
from the micropyle. This completely negates any trace of 
usefulness remaining in Corner's distinction between arillode and 
aril. Such lack of accuracy is especially regrettable because 
it occurs in what is generally regarded as a definitive work on 
legume seed anatomy. 
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Micropylar lens vs. radicular lobe 
That structural feature of the Gercideae seed most commonly 
termed the micropylar lens (Wunderlin, 1973; Wunderlin et al., I98I) 
is formed by proliferation of mesotesta beginning early in embryonic 
development (Plate XIX:E). The mature Gercideae seed has a greatly 
thickened mesotesta layer located over the radicle (Plate XXIV;A-C) 
in Cereis or close to the radicle (Plate XXIII;B, C) in Bauhinia. 
The exotesta shows anatomical modifications in the area over this 
thicker mesotesta. The light line curves towards the tip of the 
macrosclereids and the mesotesta is only loosely attached to the 
exotesta (Plates XXXXII:D, Gercis; L;A, B, Bauhinia) and the 
macrosclereids can be easily separated along the circumference 
of the micropylar lens (Plates XXIV;A, Gercis; L:A, B, Bauhinia)• 
Gercideae seed vary in the relative prominence of this structural 
feature. Adenolobus (Plate LXIV:B) has a very prominent micropylar 
lens, Gercis occidentalis and _G^  reniformis (Plate LXIVcG, E) have 
a micropylar lens which is strongly raised above the hilum and G. 
siliquastrum and G_^  chinensis (Plate LXIV:D, F) have micropylar 
lenses which are more or less level with the hilum. Griffonia 
(Plate LXIV;a) has a pair of small protuberances close to the 
deltoid micropyle and Bauhinia has a micropylar lens which may 
appear as one or more small protrusions in the exotesta close to 
the micropyle (Plate LIII;A-F). 
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Any break in the exotesta permits water to enter the seed. 
Some legume seeds have a specific structure, the lens, which 
allows the entrance of water into the mature seed and initiates 
imbibition. Gunn (1981) and Lackey (1977) define the lens as a 
weak point in the testa, circular or elliptical in outline, 
often raised above the surrounding testa surface and occasionally 
further set apart by differences in testa pattern or color. 
Pitot (1936) defined the papilionoid lens or "protuberance" as 
a structural feature located between the hilum and the chalaza 
along the antiraphe usually directly above the ovule vascular 
bundle. He further noted that the caesalpinioid seed has an 
equivalent structure which he termed the "bourrelet", equivalent 
in function (as a weak point in the testa) and not in derivation. 
The micropylar lens is a weak point in the exotesta located 
immediately adjacent to the micropyle and above the radicle, in 
Gercideae seeds. Papilionoid seeds also have a protrusion of the 
testa termed the radicular lobe because of its location above 
the radicle (Gunn, 1981). The lens is also present, as a 
separate structure, on these papilionoid seeds (Gunn, i98i; Lersten 
and Gunn, 1982). If the lens were not present, if one believed the 
seed to belong to the Gercideae, and if the radicular lobe were 
a weak point in the exotesta, one would describe such a structure 
as a "micropylar lens." I propose that the radicular lobe and the 
micropylar lens are one and the same structure, in Gercideae (Fig. lO). 
Figure 10. Comparison of hilar configuration between Cercideae and 
papilionoid legumes; 1 - radicular lobe or pad; 2 -
micropyle; Ja. - hilar rim membrane; yo - hilar groove; 
3c - emergent vascular tissue; 4 - lens; 5 - micropylar 
lens. 
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Hilar configuration 
The hilar region of the Gercideae seed (Figs. 10, 11) is composed 
of the radicular lobe (micropylar lens of Corner, 1951i and Wunderlin, 
1973)» the hilar tongue (funicular remnant and aril of Wunderlin, 1973)» 
the hilar groove and attached rim membrane, the micropyle and the 
emerging vascular bundle. The arrangement of these structures may 
vary, perhaps in a taxonoraically significant manner (Wunderlin, 1973; 
Wunderlin et al., i98i). The hilar configuration of Bauhiniinae is 
more variable than is that of Cercidinae (Plate LXIV:A-F) with their 
single large radicular lobe, lack of hilar tongue, usually slitted 
micropyle (exception is Griffonia) perpendicular to the hilar groove, 
and ellipsoid hilum perpendicular to the long axis of the seed. 
Hilar configuration in Bauhinia 
Radicular lobe The external indication of the radicular 
lobe may consist of a single bulge in the exotesta (Plates LIII;A; 
LIV;G; LV:C; LVIII:B-F), of a double bulge in the exotesta (Plates 
LII:C; LV;E, F; LIV;D, F), of a triple bulge in the exotesta (Plates 
LIII;D-F; LIV:A, B) or no external bulge in the exotesta may be 
visible (Plate LV:A). 
Micropyle The micropyle may be a slit (Plates XV;A, B; 
LXI:B-D) or circular depression (Plates LVI:F; LVIIIrA, B), but usually 
is deltoid (Plates LIV;C, D, F; LV;D, E; LVIsA-E; LIX;A). 
Figure 11. Hilar configurations in ite-uhinia. The circular 
micropyle with hilar tongue lacking (a) was observed 
in M1eraide8ia; the deltoid mlcropyle with the hilar 
tongue truncate is present in section Phanera (b); the 
deltoid micropyle with hilar tongue small or absent is 
present in section Bauhinia subseries Bauhinia (c); the 
deltoid micropyle with the hilar tongue a triangular 
flap is present in section Bauhinia subseries Amaria 
and common in subseries Pauletia (d); the deltoid 
micropyle with the hilar tongue a rectangular flap is 
present in Micraldesia. in section Phanera. in section 
Bauhinia subseries Amaria and Bauhinia (e); the slit 
micropyle with the hilar tongue small, absent or 
triangular is present in section Bauhinia subseries 
Pauletia and Bauhinia (f). 
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Hilar tongue This funicular remnant or aril of 
Wunderlin (1973) and ¥underlin et al. (i98i) may be rectangular (Plates 
LIII:A-D, F; LVII:A, E), triangular (Plates LIV;A-E; LV:A, E, F; 
LVII:E; LXI:A, G; LXIII;E), truncate (Plates LVII;F; LX;A-G), or 
small or absent (Plates LVIIIiB-F; LIX:A-D). 
Taxonomic implications When several structures are 
combined, certain patterns begin to emerge. For example, seeds 
with a circular micropyle and a small or absent hilar tongue 
(Fig. 11a) are present in the Old World taxon Micraldesia as are 
seeds with a deltoid micropyle and rectangular hilar tongue (Fig. lie). 
Seeds with a deltoid micropyle and a truncate (Fig. lib) or 
rectangular hilar tongue (Fig. lie) are present in the section 
Phanera. Although seeds from section Bauhinia subseries Pauletia 
commonly have seeds with a deltoid micropyle and a triangular hilar 
tongue (Fig. lid), others belonging to the section Bauhinia are 
less precisely located. Seeds in this latter section also have 
deltoid mlcropyles with hilar tongue small or absent (Fig. 11c), 
or small, triangular hilar tongues with either a slit (Fig. llf) or 
deltoid (Fig. lid) micropyle. 
These data indicate that features of the hilar region do 
distinguish between Cercideae seeds, at least at the subtribal level, 
as was proposed by Wunderlin et al. (i98i). They also indicate some 
usefulness within the Bauhinilnae but variation within the section 
Bauhinia limits the usefulness of such features in these latter taxa. 
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Mimosoid seed anatomy 
Seeds from three species of mimosoids, Adenanthera pavonia, 
Dichrostachys cinerea.and D. glomerata,were available for study. 
Selected anatomical features will be described here. 
Testa epidermal patterns 
The testa pattern of Adenanthera pavonia, Dichrostachys cinerea, 
and ^  glomerata is rugulate at the hilum, lens, and micropyle 
(Plate XXXXIiB, D, Adenanthera pavonia; XXXVIIIrD, E; XXXX;G, 
D. Rlomerata; XXXX;D, cinerea) and laevigate at the midseed 
(Plates XXXIII:A, ^  pavonia; XXXVIII:A-G, cinerea) although 
A. pavonia has a modification of the laevigate pattern with pits 
obscured at the bottom by cuticular deposits. This distribution of 
testa pattern, conspicuous at the hilum and attenuate at the 
midseed, was also noted in papilionoids (Lersten, 1981a) and 
contrasts sharply with my own observations in Gercideae. 
Exotesta cracks 
A network of cracks was observed to extend over the seed testa 
of Adenanthera pavonia (Plate XXXXI:D) and Dichrostachys ^ lomerata 
(Plate XXXVIII:D). Gunn (1981) and Isely (1955) remarked that 
fracture lines extend only through the outer cutin layer covering the 
exotesta. The breaks noted on D_^  glomerata extend past the outer 
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cutin layer and into the subtending macrosclereid layer (Plate 
XXXIX:E), producing exotesta cracks rather than fracture lines as 
defined by Gunn and by Isely. 
Micropylar subchamber 
These three mimosoid species all had an open micropylar 
subchamber (Plate XXXXIiA; XXXX:A-C). This subchamber resembles 
the second (i.e. Gystisus) type described by Goupin (i876). The 
micropylar cavity extends across the mesotesta and is subtended by 
a layer of albumen between it and the radicle (Plate XXXX;B). 
Gereis has an open subhilar chamber but, unlike the open 
submicropylar chamber present in these mimosoid seeds, the Gereis 
seed has elongate aerenchyma filling the subhilar chamber and stellate 
mesotesta cells fill the area subtending the external micropylar 
opening. 
Pleurogram 
A pleurogram, formed by a break in the exotesta (Plates 
XXXVIII:G; XXXIX:B, D) is present on the flat side of the mimosoid 
seed (Plate XXXVIII:A). This pleurogram may be slightly open (Plate 
XXXIX:D) or completely open (Plate XXXIX;B) exposing the subtending 
tissue. The macrosclereids bordering the pleurogram have a thick 
coating of cutin over their entire length (Plate XXXIX:D, P) quite 
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the macrosclereids "bordering the exotestal cracks in these same seeds 
(Plate XXXIX;E) or the macrosclereids bordering the exotestal cracks 
present on some Cercideae seeds, and also unlike the macrosclereids 
"bordering the hilar groove of Bauhinia. 
Lens 
Adenanthera pavonia has a lens directly subtended by the 
vascular strand (Plate XXXXIzD), supported by stellate mesotesta cells 
and circumscribed by a line of macrosclereids touching only at their 
tips (Plates XXXXI:D; XXXXII:B). Any slight pressure upon the 
seed snaps the lens out and away from the rest of the seed testa, 
exposing the vascular strand and the mesotesta. The lens in 
Dichrostachys cinerea and D_^  glomerata is also subtended by 
stellate mesotesta cells (Plate XXXX:E, F) but the raised lens is 
circumscribed by macrosclereids much shorter (Plate XXXX:A, D, E) 
than those of the remainder of the exotesta. 
Osteosclereid cells 
Mimosoid seeds, unlike Cercideae, have a layer of osteosclereid 
cells just beneath the macrosclereid layer. The depth of this single 
osteosclereid layer varies (Plate XXXIX:A, C) but it is always 
present as part of the seed testa of Adenanthera pavonia, 
Dichrostachys cinerea and glomerata. 
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Stomata on seeds and pericarp of Bauhinia 
Stomata are present on mature seeds of Bauhinia acuminata, B. 
Klauca, B. grandiflora, B. microstachya, B. purpurea, B. retusa, 
B. vahlii, and ^  variegata. Seeds with stomata are all relatively 
large (0.5-1«5 cm long) and flat-orbicular. Mature seeds viewed 
by SEM show clearly that numerous stomata are present (Plate LXVIII: 
B-E, G), are recessed, and lack subsidiary cells. Modifications 
from normal stomatal configuration include distortion of the guard 
cells (plate LXVIII:C, E, G), occlusion of the substomatal chamber 
(Plates LXIX;C, D; LXX:F), or massive deposition of cutin over the 
entire stomatal apparatus (Plates LXVIII:D; IiXX:B, D). 
Stomata also occur on the outer epidermis of the pericarp but 
not on the inner epidermis. Stomata are numerous and, on immature 
fruit, are scattered among abundant trichomes (Plate LXVII:A-D). 
At a later stage, trichomes abscise and the stomata are raised 
(Plate LXVIIISA), flush with the surface (Plate LXVII;A), or sunken 
(Plate LXVIII:?). Two to several protruding subsidiary cells are 
also present (Plate LXVIII:A, F), ajid the stomatal pore itself may 
be either open (Plates LXVII;C; LXVIII:?) or closed (Plate LXVII: 
A, B, D ) .  
This is the first report of stomata on the seed testa of a 
caesalpinioid legume and, with the possible exception of Gunn 
and LaSota's (1978) cautious report for Olneya, the first for any 
legume. The eight Bauhinia species with seed stomata axe not 
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currently placed together In one section of the genus, and pollen 
of five of the species, which were depicted by Larsen (1975)j exhibit 
four different exine patterns. Bauhinia has never been revised in 
entirety, and Larsen (1975) states that regional treatments may not 
provide sound subdivisions of the genus. Stomata on seeds provide 
a new and unusual character which may be of taxonomic interest. 
The seed testa stomata may or may not be functional at some 
stage during seed maturation. They may provide a point of entrance 
for pathogens (Plate MIX:D) and therefore be disfunctional. 
Jernstedt and Clark (1-979) reviewed the hypotheses concerning the 
possible functions of stomata on seeds and presented data from 
experiments showing that stomata in Eschscholzia aid in gas. exchange 
when developing seeds photosynthesize within the fruit. This is 
probably not occurring in Bauhinia because at least two of these, 
B. purpurea and ^  variegata var. Candida lack stomata on the inner 
pericarp wall. It is possible that seed stomata are functional 
after the seeds are shed. Corner (1951) discussed overgrown seeds, 
named ^  purpurea as an example of an overgrown seed, and proposed 
that such seeds provide better aeration to the embryo. He did not 
report the presence of seed stomata on purpurea, however. 
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SUMMARY AND CONCLUSIONS 
Cercideae Ovule 
Ovule and megasporophyte 
The Cercideae ovule is bitegmic and anatropous to anacampylo-
tropous. There is a continual shift in orientation and curvature 
between ovule initiation and maturation, partially as a result of 
activation of an intercalary funicular meristem. A raphal funiculus 
results from the congenital fusion of the funicular tissue and the 
outer integument at the raphe. The nucellus and inner integuments 
of the pseudocrassinucellate Cercideae ovule are completely enclosed 
by the antiraphal outer integument and the raphal funiculus before 
completion of megasporogenesis. The functional megaspore is the 
chalazal member of a linear tetrad. 
Mature ovule and megagametophyte 
The epistase or nucellar beak, formed by extensive periclinal 
divisions in the nucellar epidermis, has been previously reported in 
Cereis siliquastrum (Guignard, 1881a) but has not been reported from 
Bauhinia. In Bauhinia, I found the epistase or nucellar beak to 
be extruded past the inner integuments or past both inner and 
outer integuments. In the latter instance, additional modifications 
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in the epidermal layer indicate secretory eictivity and imply an 
obturator function. Groups of cells possibly modified for 
secretion were also observed in the epidermal tissue of Cercideae 
carpels and ovules. 
Modification of nucellar tissue in the chalazal area forms 
a hypostase in Cercideae. This may form either a "barrier tissue" 
similar to that observed by Dnyansagar in mimosoids, or a postament-
like hypostase. The hypostase has not been previously reported 
from Cercideae. 
Megagametogenesis in Cercideae is the monosporic Polygonum 
type and even at fertilization the megagametophyte is separated 
from the nucellar epidermis by 8-20 layers of nucellar tissue. A 
modification of the inner integuments to form an integumentary 
tapetum was definitely observed in Bauhinia fassoglensis and may 
also be present in variegata var. Candida. When compared to 
the other members of Cercideae examined here, the ovules of 
B. fassoglensis present the only examples of an antiraphal 
vasculature, a multiple-stranded raphal vascular system, and 
an unusual postament-like hypostase. These unusual features 
warrant a more intensive study of the anatomy of the ovules. 
belonging to this species. 
Chalazal haustoria formed from extension of the megagametophyte 
into the nucellar tissue, axe present in Cercis canadensis and 
five of the six Bauhinia species observed, but remain confined 
by the "barrier tissue" of the hypostase. 
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Nutrient transfer within the mature ovule has been indicated 
by changes in concentration of polysaccharides, during megasporogenesis, 
megagametogenesis and early embryo growth. During active cell 
division the concentration of polysaccharides decreases in 
tissue contiguous to the megasporophyte and later, to the 
megagametophyte and embryo sac. During intervals between active 
cell division the concentration of polysaccharides increases in these 
same areas. These data approximate observations made by Takao (i962) 
in a few papilionoid legumes but such observations have not been 
previously reported from Cercideae ot from other caesalpinioids. 
Vascular tissue forms within the mature Cercideae ovule in 
a definite sequence. Phloem is the first to differentiate from the 
procambium and extends from the carpel vascular bundle to the 
chalaza before the xylem begins to differentiate. Xylem strands 
differentiate first in the raphe and extend towards the chalaza 
as well as towards the carpel bundle. Mature xylem cells within 
the main ovule bundle form long strands of helically or spirally 
thickened cells but the xylem present at the chalazal termination 
of the ovule vascular bundle, and in the recurrent vascular bundle 
of the Bauhinia ovule,.are curved, twisted, and tracheioidal. 
Reproductive Biology 
Bauhinia divaricata is andromonoecious and both functionally 
male flowers and perfect flowers are present on the same raceme. 
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The functionally male flowers form early ovule stages "but the archespore 
aborts, the inner Integuments do not develop beyond the first division 
of the nucellar epidermis, and the outer integuments do not even 
begin to develop. These flowers do produce mature pollen. The 
perfect flowers of ^  divaricata form mature megagametophytes and, 
following fertilization, mature, fertile seeds. 
Dormant seeds of Gereis canadensis must be subjected to cold 
stratification before germination begins and seedlings develop. 
Cytohiètological studies of the embryo of Euonymus (Lodkina, i966) 
and Prunus (Pollock and Olney, 1959) during release fromi:dormancy 
revealed that meristematic activity in the hypocotyl was correlated 
with stages in dormancy release. This type of study has not been 
reported for Gere is and could provide additionalrInformation 
regarding dormancy in this genus. 
Gercideae Seed 
Exotesta 
Postfertilization Gercideae ovules already have an obviously 
differentiated epidermal layer. These cells have a high polysaccharide 
content, may be the site of active protein synthesis, and are undergoing 
rapid primary wall formation. 
Differentiation of macrosclereids begins in the chalazal region 
and antiraphe of the ovule. As the macrosclereids elongate, cutin is 
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deposited over the outer surface, forming the epidermal testa 
pattern. The testa of Gercideae seeds appears smooth under 
low magnification but at magnifications of 1000 times or more, 
a testai pattern is revealed which may have taxonomic utility. 
The primary patterns in Gercideae, foveolate, reticulate, and 
papillose, conform to the shape of the underlying macrosclereid 
cell tip. I observed that the reticulate pattern is common in 
New World species of Gercideae from subgenus Bauhinia section 
Bauhinia and in seeds from subgenus Schnella section Caulotretis. 
Seeds sampled from Adenolobus, Gereis, and Griffonia, together 
with Old World species of Bauhinia belonging to taxa grouped 
in Micraldesia and Afrobauhinia. do not have a reticulate 
testa pattern. Similar results were recorded with the other 
two primary testa patterns. 
Light line This feature of the exotesta appears late 
in maturation of the macrosclereids, not becoming evident until 
the lumen begins to decrease in size. The light line is almost 
always present in the mature Gercideae exotesta, usually close 
to the outer tip on Gereis seeds and with a less predictable 
location in Bauhinia. There is some indication that, in Gercideae 
the macrosclereid cell is under varying tension above and below 
the light line, at points of stress such as along the hilar 
groove. The light line may be a point of flexibility in the 
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macrosclereid cell, acting as a pivot point in the reaction to 
physical pressure exerted upon the exotesta. The configuration 
of the macrosclereids along the exotesta cracks present in some 
Gercideae seeds, with the macrosclereids touching only along 
the light line; the abrupt curvature of the macrosclereids below 
the light line, along the radicular lobe of Gereis; the concave 
curvature of the macrosclereids on either side of the hilar 
groove, in Bauhinia; all imply differential responses to 
tension at the light line. There is some evidence that the 
light line is not always a point of strength in the macrosclereid. 
When a macrosclereid cell breaks apart, it breaks at the light 
line. This fact does not rule against the proposed pivot function 
of the light line but merely points out that weakness may 
accompany flexibility. 
Gunn (1981) noted that it is likely that valves to facilitate 
desiccation and areas of epidermal weakness to allow imbibition of 
water during germination, developed several times in legume seeds. 
I propose that in Gercideae the valve to facilitate desiccation is 
the hilar groove and that the area of epidermal weakness to allow 
imbibition of water during germination is the micropyiar lens, i.e. the 
radicular lobe. Exotestal cracks may also provide a point at which 
water may enter the seed, during initiation of germination. 
178 
Hilar configuration 
The external configuration of the hilar region, a compilation of 
structures such as the hilar tongue (the funicular remnant or aril of 
Wunderlin, 1973)i the radicular lobe (the micropylar lens of Corner, 
1951 azid Wunderlin, 1973) 1 the hilar groove and attached rim membrane, 
the micropyle, and the emerging vascular bundle, may compose a 
taxonomically significant pattern in Cercideae. My data indicate 
that the taxonomic value of the hilar configuration is high in 
Gercidinae and may be valuable in Bauhiniinae, depending upon 
the section being studied. 
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APPENDIX: PLATES 
Cercldeae Ovule 207 
Reproductive Biology 223 
Cercideae Seed 22? 
Plate I. Gereis canadensis. Differentiation of integuments. 
Megasporogenesis. Stained with toluidine blue unless otherwise 
noted. Bar lower right Fig. A indicates scale for all figures. 
A. Enlargement and anticlinal division of protodermal cells of 
antiraphe increases ovule curvature as outer integument 
elongates. Both inner (arrow) and outer integument consist 
of two cell layers. 
bar = 11 ^ im 
B. Archespore (upper arrow) differentiating in nucellus at level 
of tip of inner integument (lower arrow). 
bar = 20 pm 
G. Inner integument (arrow) and outer integument terminate at 
about level of archesporial cell. Archesporial cell enlarged 
prior to meiosis. 
bar = 20 jum 
D. PAS-stained ovule after Meiosis I. Note elongated procambial 
cells in funiculus (large arrow), presence of starch grains in 
nucellar tissue and funiculus, also dense accumulation of starch 
grains in chalazal cells (upper right) beneath outer epidermis, 
bar = 20 jjm 
E. Enlargement of D. Gontinued cell divisions in the nucellar 
epidermis have interposed 12 cell layers between archesporium 
and nucellar epidermis. 
bar = 11 jum 
F. Outer integument has doubled thickness and length has increased 
beyond tip of inner integument (arrow). 
bar = 20 /m 
G. PAS-stained ovule near completion of Meiosis II. Two micropylar 
megaspores appear flattened and contain less cytoplasm than two 
chalazal megaspores. Note increased density of starch grains 
in chalazal portion of inner and outer integuments (at right), 
bar = 20 jam 
H. Disintegration of third cell in linear tetrad of megaspores 
becoming apparent. 
bar = 20 pm 
I. Functional megaspore (arrow) is chalazal cell of linear tetrad, 
bar = 20 pn 
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Plate II. Gereis canadensis. Early megagametogenesis. Stained with 
toluidine blue unless otherwise indicated. Bar at left 
of Fig. A indicates scale for all figures. 
A. PAS-stained ovule. First division of functional megaspore 
(arrow) to yield two-nucleate megagametophyte. 
bar = 60 
B. Detail of A. Note amorphous appearance of polysaccharides 
in nucellar tissue (large arrow) immediately adjacent to 
megagametophyte. Numerous starch grains (small arrow) in 
cells of inner integument close to chalaza. 
bar = 24 jum 
G. Two-nucleate megagametophyte. Large nucleus (arrow) at 
micropyle end of megagametophyte. 
bar = 15 jum 
D. Two-nucleate megagametophyte. Note cuboidal appearance of 
darkly staining antiraphal epidermal cells (arrow). 
bar = 24 jLim 
E. PAS-stained ovule. Detail of H. Note concentration of starch 
grains (arrows) in cells between vascular strand and outer 
integument. 
bar = 15 JUJH 
F. Early four-nucleate stage of megagametophyte. 
bar = 15 jum 
G. PAS-stained ovule. Early four-nucleate stage of megagametophyte. 
bar = 15 
H. PAS-stained ovule. Two-nucleate stage of megagametophyte. 
Note concentration of starch grains between vascular strand 
and nucellus, in chalazal area of ovule. 
bar = 15 Jum 
I. PAS-stained ovule. Early four-nucleate stage. Note slight 
enlargement of micropylar end of megagametophyte (arrow), 
starch grain distribution shown here at completion of second 
nuclear division similar to that of Figs. A, B after first 
nuclear division. 
bar = 2^ • ym 
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Plate III. Gereis canadensis. Megagametophyte prefertilization. 
Embryo sac postfertilization. Stained with PAS.. Bar at 
lower left of Fig. A indicates scale for all figures. 
A. Prefertilization. Synergids stain darkly. Nucellar heak 
extends past inner integuments and abuts outer 
integuments (arrow). 
bar = Zk ym. 
B. Detail of A. Egg apparatus at prefertilization. Starch 
grains abundant (upper arrows). Nucellar beak at mesostome 
(lower arrow). Cell alignment between nucellar epidermis, 
above lower arrow, and megagametophyte, indicate cell 
division in nucellar epidermis. 
bar = 14 jum 
C. Egg apparatus. Prefertilization. 
bar = 24 /m 
D. Detail of G. Egg apparatus. Prefertilization, Starch 
grains abundant in nucellus and inner integument. Base 
of synergid also densely staining (arrow). 
bar = 14 _;um 
E. Embryo sac. Postfertilization. Antipodals appear to 
be persistent (arrow). 
bar = 24 ^  
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Plate IV. Gercis canadensis. Events at fertilization. Stained with 
toluidine blue. Bar at lower right of Fig. A. indicates 
scale for all figures. 
A. Prefertilization megagametophyte. 
bar = 50 jum 
B. Synergids with egg cell (arrow). 
bar = 20 /m 
G. Sperm nucleus in contact with egg cell, as indicated by 
arrow. Synergids disintegrating. 
bar = 20 jum 
D. Polar nuclei in contact but unfused (arrow). Three 
antipodals persistent at chalaza. 
bar = 20 jum 
E. Sperm nucleus (right arrow) in contact with polar nuclei. 
Egg cell fused with sperm nucleus (left arrow). 
bar = 20 jjm 
F. Polar nuclei (arrow) in close proximity but unfused. 
bar = 20 jum 
G. Ovule at fertilization, see Fig. I for detail of 
megagametophyte. 
bar = 50 jLim 
H. Polar nuclei fused (right arrow) and sperm nucleus in 
contact but unfused. Egg cell fused with sperm nucleus 
(arrow at left). Three antipodals (uppermost arrow) 
still persist. 
bar = 20 jum 
I. Egg nucleus appears to be fused with sperm nucleus to form 
zygote (left arrow). Primary endosperm nucleus (right arrow). 
bar = 20 ^  
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Plate V. Gereis canadensis. Ovule. Postfertilizatlon. Bar at lower 
right of Fig. A indicates scale for rest of figures. 
A. Toluidine blue-stained ovule. Primary endosperm nucleus (arrow) 
in center of embryo sac. 
bar = 20 
B. Detail of A. 
bar =12 jum 
C. PAS-stained ovule. Zygote (arrow) densely staining. Several 
endosperm nuclei present. 
bar = 20 
D. Glearing of ovary. Note many lateral vascular strands (arrow) 
in ovary wall. Garpel bundle (large arrow). 
bar = 30 
E. Unstained ovule shows narrow attachment to funicular stalk, 
at hilum (large arrow). Small arrow at right indicates 
epidermis of funicular stalk. Viewed with Nomarski optics, 
bar = 30 pm 
F. Unstained ovule. Embryo with what appears to be transfer 
tissue (largest arrow, upper left). Xylem differentiated at 
center of ovule vascular bundle (large arrow, center). 
Possible remnants of pollen tube (small arrow at lower left), 
bar = 40 ^  
G. Unstained ovule showing hypostase (lower arrow) and 
chalazal vasculature (upper arrow). Viewed with Nomarski 
optics. 
bar = 40 jum 
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Plate VI. Bauhinia. Chalazal haustoria. Hypostase. Ovule shape. 
Sequence of phloem and xylem initiation in ovular bundle. 
Bar beneath ovule, Fig. A, indicates scale for all figures. 
A. Bauhinia variegata var. Candida. Toluidine blue-stained ovule, 
l.s. mature megagametophyte, non-median, with darkly staining 
cells of integuments and funiculus. 
bar = 50 )Jm 
B. ^  variegata var. Candida. Unstained ovule. Anatropous. 
In chalazal area of ovule hypostase (upper arrow), chalazal 
haustoria (lower arrow); in carpel wall, phloem strands 
(small arrow) extend between carpel bundle and ovule bundle. 
Viewed with Nomarski optics. 
bar = 30 pm 
G. B. divaricata. Unstained, anacampylotropous ovule. Hypostase 
(large upper arrow), Chalazal haustoria (medium upper arrow). 
Xylem tracheids at chalazal terminus of ovule vasculature 
(small upper arrow). Xylem tracheids of vascular strand 
between carpel vascular bundle and ovule vasculature (small 
lower arrow). Viewed with Nomarski optics. 
bar = 30 jjm 
D. purpurea. Sharmin's stain. Anatropous ovule. Hypostase 
at chalaza and nucellar beak (epistase) at micropyle. Note 
differential staining of ovule epidermis. Dark cells at 
chalaza (right arrow) and at antiraphe (left arrow). 
bar = 50 pm 
E. ^  purpurea. Detail of D. Hypostase formed from nucellar 
tissue. 
bar = 20 ^  
F. B. divaricata. Sharmin's stain. Detail of chalazal axea. 
Persistent antipodals (small arrow) and hypostase. Vascular 
tissue at chalaza appears to terminate at tip of hypostase. 
Compare with Fig. C ovule of same species, same developmental 
stage, viewed with Nomarski optics aJid showing gap between 
xylem and hypostase. 
bar = 10 
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Plate VII. Gercls canadensis. Bauhinia species. Nucellar beak 
(epistase).Matiure megagametophytej outer integument (o), 
inner integument (i), funiculus (f). Stained with Sharmin's 
stain unless otherwise indicated. Bar at upper right of 
Fig. A indicates scale for all figures. 
A. Bauhinia purpurea. Nucellar beak (arrow) 15-1? cell layers 
long, extruded from exostome. 
bar = 100 jum 
B. Enlargement of A. Note vacuolate appearance of 
nucellar epidermal cells and layer of dark substance 
(arrow) which fills space between nucellus and carpel 
wall. 
bar = 70 ^ m 
G. ^  purpurea. Another ovule l.s. somewhat closer to 
outer periphery of nucellus than that shown in A. 
Nucellar beak still 1^ -1? cell layers, completely 
extruded through exostome and in contact (at arrow) 
with carpel wall. 
bar = 100 jum 
D. B_^  punctata. Also close to outer periphery of nucellus. 
Nucellus completely within inner integuments. 
bar = 100 pm 
E. ^  fassoglensis. Megagametophyte m.l.s. Cells of 
nucellar beak extremely small relative to other cells 
of nucellus. Inner integuments pushed apart by nucellar 
beak. Note massive outer integuments, tapetal-like 
appearance of inner integument (arrow) next to nucellus 
(integumentary tapetum ?). 
bar = 100 _pm 
F. Enlargement of E. Note appearance of inner layer of 
inner integument (arrow). 
bar = 25 j™ 
G. Gereis canadensis. PAS-stained. Nucellar beak 15-1? cell 
layers extending through endostome to outer integument. Note 
four to six cell layer thickness of tips of inner integuments 
and density of starch grains in these cells. 
bar = 25jum 
H. ^  variegata var. Candida. Nucellar tissue 12-14 cell layers 
at micropyle but contained by inner integuments. Note 
appearance of cell layer bordering nucellus (arrow) forming 
an integumentary tapetum ? Tips of inner integuments four 
to six layers thick, bar = 25 J-un 
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Plate VIII. Cereis canadensis. Bauhinia species. Location of 
secretory cells in ovules and on inner epidermis of 
carpel. Bar at upper right of Fig. A indicates scale 
in all figures. 
A. Bauhinia variegata var. Candida. Toluidine blue stain. 
Mature megagametophyte. Possible secretory cells in 
epidermis of funicular stalk (lower arrow). Darkly 
staining cells at border between inner integument and 
nucellus (upper arrow). 
bar = 50 jum 
B. ^  variegata var. Candida. Sharmin's stain. Surface 
of funicular stalk with cells which may be modified for 
secretion (arrow). 
bar =100 jum 
G. ^  variegata var. Candida. Unstained ovule, post-
fertilization, enlarged cells (arrow) on funicular 
stalk may be secretory. Viewed with Nomarski optics, 
bar = 30 jum 
D. Gercis canadensis. Toluidine blue stain. Megasporogenesis 
Note elongate epidermal cells of endocarp (arrow) just 
beneath exostome of ovule. 
bar = 20 yum 
E. purpurea. Unstained ovule. Scattered cells on inner 
carpel epidermis (lower pair of arrows), clusters of cells 
on integument epidermis (upper pair of arrows) may be 
modified for secretion. Viewed with Nomarski optics. 
bar = 30jum 
F. ^  purpurea. Sharmin's stain. Note large nuclei and 
thickened walls of endocarp cells (arrow) beneath exostome. 
bar = 15 ^  
G. B. divaricata. Unstained ovule. Modified cells on endocarp 
"(arrow). Viewed with Nomarski optics. 
bar = 30 jum 
H. ^  punctata. Sharmin's stain. Note thickened cells walls 
and densely cytoplasmic appearance of inner epidermal cells 
of tissue at raphe (arrow). 
bar = 10 jam 
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Plate IX. Gereis canadensis. Microspores, megaspores, and pollination. 
Bar at lower left of Fig. A indicates scale for all fIgures. 
A. Ovary and anther l.s. Toluidine blue-stained. Microspore 
tetrads (lower arrow) and tapetum (upper arrow). Archesporial 
cell in ovule at upper left. 
bar = 50 ^  
B. Enlarging archesporial cell (lower arrow) forming megaspore 
mother cell. Microspore tetrads (upper arrow) present. 
Toluidine blue-stained. 
bar = 50 pm 
C. Enlarging archesporial cell (arrow) and microspore tetrads. 
Toluidine blue-stained. 
bar = 50 pu 
D. Ovary c.s. Vascular bundle (upper arrows) either side of 
dorsal suture and single ventral bundle (lower arrow). 
Two rows of darkly staining cells constitute exocarp. 
Sharmin's stain. 
bar = 50 ^  
E. Ovary c.s. and ovule with funicular stalk (arrow). 
Sharmin's stain. 
bar = 50 pn 
F. Microspores stained with PAS, starch grains at arrow, 
bar = 12 ^  
G. Pollen grain germinating on stigma. Germinated pollen 
grain (upper arrow) and pollen tube (lower arrow). 
Sharmin's stain. 
bar = 20 ^  
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Plate X. Bauhinia divaxicata. Flowers from andromonoecious 
inflorescence. Megasporophyte abortion and concurrent 
pollen formation. Toluidine "blue stain. Bar at left of Fig. A 
indicates scale for all figures. 
A. Ovule initiation from carpel wall. 
bar = 20 JM 
B. Older flower from same inflorescence. Atropous ovules 
are elongate, archesporial cell has enlarged. Note 
amorphous appearance of subhypodermal nucellus. 
bar = 50 ^  
C. Enlargement of B. Inner integuments (upper arrow) did not 
develop beyond first division of nucellar epidermal cell 
Enlarged archeospore (lower arrow). Outer integument has 
not differentiated and the sub-hypodermal cells of the 
nucellus are enlarged, thin-walled, and appear vacuolate, 
bar = 20 ^ m 
D. Microspore mother cells (arrow) in anther of flower 
illustrated in A. 
bar = 13 jpm 
E. Anther from flower illustrated in B, C. Tapetal 
cells are binucleate (arrow) and exine is beginning 
to form around mature microspores. 
bar = 20 yxn. 
F. Anther l.s. Mature binucleate pollen. Exine pattern of 
mature ^  divaricata pollen grain is present. 
bar = 13 jpm 
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Plate XI. Cercideae. Postfertilization formation of vascular tissue. 
Unstained preparations viewed with Nomarski optics. Bar at 
right of Fig. A indicates scale for all figures. 
A. Bauhinia divaricata. Xylem differentiated throughout ovule 
bundle. Xylem cells beginning to differentiate (upper right 
small arrow) and form the connection between the ovule bundle 
and carpel iDundle (lower arrow). Remnants of pollen tube (left 
arrow). 
bar = 35 
B. ^  divaricata. Xylem cells at base of funiculus have formed 
strand (left and center arrows) which appears to traverse 
carpel bundle before joining the xylem strands (right arrow) 
in carpel vascular bundle. Compare with Fig. H, below. 
bar = 35 >1111 
C. Gereis canadensis. Pollen tube (arrow), ovule vascular strand 
at upper right. 
bar = 25 /im 
D. C_i canadensis. Ovule at micropyle. Note rows of cells which 
appear to form its inner boundary (arrows). 
bar = 25 /mi 
E. G_^  canadensis. Large arrows indicate margin of narrow 
connection between pyramid-shaped funicular stalk and ovule, 
at hilum. Vascular strand (right small arrow) traverses 
funicular stalk and enters ovule at hilum. Macrosclereids 
differentiate on ovule (left small arrow) except at hilum. 
bar = 25 /m 
F. G_i canadensis. Xylem strands forming connection (central arrow) 
between ovule vascular tissue (upper arrow) and carpel vascular 
tissue (lower arrow). 
bar = 25 )im 
G. il. canadensis. Ovule vascular strand (right arrow). Xylem 
(left arrow) and phloem (lower right arrow) connections with 
carpel vascular strand at upper left of figure. 
baz" = 25 pn. 
H. Bauhinia purpurea. Ovule vascular strand forms connection 
(upper arrow) with carpel vascular strand. Ovule (lower 
arrow) not in plane of focus. Note distance between ovule 
and point of connection. 
bar = 35 JPM 
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Plate XII. Batihinia fassopilensis. Vascular tissue at ovule. 
Postament (p), funiculus (f), raphe (r), antiraphe (a). 
Unstained ovules viewed with Nomarskl optics. Bar at upper 
left of Fig. A indicates scale for all figures. 
A. Hilum (large arrow), funicular stalk at bottom of figure. 
Note apparent multiple vascular strrjids in raphe (small 
arrows). 
bar = 18jpm 
B. Ovule bundle at hilum. Multiple vascular strands (arrows) 
at upper right, in raphe. 
bar = 18jum 
G. Ovule bundle at connection with carpel bundle (large arrow). 
Note angle (at arrow) formed between ovule strand (above 
arrow) and carpel bundle (beneath arrow). 
bar = 18 _pm 
D. Ovule bundle at connection with carpel bundle. Same vascular 
strand as in Fig. C but different optical section, this one 
focused on xylem lying close to carpel bundle at base of 
figure. Note angles formed by vascular tissue, at arrows, 
bar = 18jpm 
E. Extension of vascular strands into outer integument at 
antiraphe. Note lack of attachment between individual 
xylem cells (arrow). 
bar = 18 ^  
F. Another ovule. Extension of multiple vascular strands 
(arrows) into outer integument at antiraphe. Xylem cells 
now form a complex of strands. 
bar = 18 jjm 

Plate XIII. Cercis species. Mature testa. Internai. Ghalazal region 
of seed. Mesotesta (M), exotesta (E), xylem (x), light 
line (small arrow). Scanning electron micrograph. Bar at 
upper left of Fig. A indicates scale for all figures. 
A. Gere is siliquastrum. Ghalazal testa l.s. Mesotesta 
cells dense and packed with food reserves. 
bar = 7 pa 
B. _C. siliquastrum. Vascular tissue at chalaza, l.s. 
Xylem cells with helical wall thickenings. Note 
difference in appearance of mesotesta cells, above and 
below vascular tissue. Pressure from enlarging embryo 
has compressed mesotesta cells above the vascular tissue, 
Exotesta towards lower portion of figure. 
bar = 18 Jim 
G. C. siliquastrum. Ghalazal testa c.s. Light line is 
close to upper tip of macrosclereid cells. 
bar = 7 ^  
D. G. chinensis. Ghalazal testa c.s. Light line also near 
upper end of macrosclereid cells. Note that when the 
lower portion of the macrosclereid cells are split 
apart (large arrow) the split terminates at light line. 
bar = 7 ^  
E. G. siliquastrum. Detail of C. Vascular tissue at 
chalaza. Note vermiform tracheoid-like cells typical 
of vascular tissue present at terminus of vascular 
strands, in many Gercideae seeds. 
bar = lo 
F. G. siliquastrum. Vascular tissue at chalaza. Not 
at termination of vascular strand. Note more conventional 
structure of xylem cells. 
bar = 12 pm 
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Plate XIV. Bauhinia species. Mature testa. Internal. Hilar groove. 
Cells contiguous to vascular tissue. Endotesta (E), 
mesotesta (M). Scanning electron micrographs. Bar at lower 
right of Fig. A indicates scale for all figures. 
A. Bauhinia longicuspis. Testa c.s. at hilar region. Hilar 
groove (small arrows), vascular strand (large arrow to xylem). 
tar = i83 ^  
B. ^  longicuspis. Detail of vascular strand in Fig. A. Note 
that cells surrounding xylem strand are filled with storage 
material. 
bar = 11 jum 
G. ^  longicuspis. Mesotesta storage tissue extends from 
directly "beneath exotesta to bottom of figure. 
bar = 110 ;im 
D. ^  longicuspis. Detail of vascular strand and surrounding 
cells. Note that cells are so filled with storage material 
and so closely packed that it is difficult to differentiate 
single cells. 
bar = 28 ^ m 
E. B_^  rufescens. Testa c.s. at hilar region. Hilar groove 
(upper arrows). Vascular strazid (center arrow). Groove 
between two cotyledons (lower arrow). 
bar = i83 >im 
F. ^  rufescens. Detail of E. Vascular strand (arrow) and 
contiguous cells. 
bar = 37;um 

Plate XV. Bauhinia species. Mature testa. Internal. Vascular tissue. 
Scanning electron micrographs. Bar at lower left of Fig. A 
indicates scale for all figures. 
A. Bauhinia tarapotensis. Testa l.s. with vascular tissue. 
Protoxylem strand (arrow) in center of vascular bundle. 
bar = 47 pm 
B. ^  tarapotensis. Detail vascular tissue in Fig. A. Note 
stretched appearance of protoxylem (arrow). 
bar = 7 ym 
C. ^  purpurea. Vascular strand l.s. Note stretched and 
distorted protoxylem cells (arrow) in center, metaxylem 
cells (above arrow) which are not so distorted. 
bar = 7 ^  
D. B^  glauca. Xylem strand c.s. Compare with that in Fig. C. 
Note metaxylem radiates from central point marked by 
protoxylem (small arrow). 
bar = 7 
E. Bj^  alba. Metaxylem vessels. Note processes (arrow) which 
form between metaxylem cells. 
bar = 2 ym. 
F. B_^  longicuspis var. paraensls. Xylem of emerging vascular 
strand at hilum (arrow). 
bar = 18 ^  
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Plate XVI. Bauhinia species. Mature testa. Internal. Vascular tissue 
at hilar region. Scanning electron micrographs. Bar at left 
of Fig. A indicates scale for all figures. 
A. Bauhinia elauca. Hilum (upper arrow) l.s. testa. Vascular 
tissue changes direction (central arrow^  in mesotesta beneath 
hilum. Main vascular strand (left arrow) continues through 
raphe to chalaza. Some vascular tissue extends towards 
micropyle (right arrow). 
"bar = i83 ^  
B. B_^  glauca. Detail of A. Vascular strand. Note curvature of 
vascular cells (left arrow). Continuation of vascular tissue 
(right arrow) away from main strand towards micropyle. 
bar = % yasi 
C. ^  tarapotensis. Hilar region l.s. testa. Vascular tissue 
as in A but more massive, large portion of vascular tissue 
(right arrow) extends towards micropyle. Left arrow 
indicates detail in Fig. D. 
bar = 37 jum 
D. ^  tarapotensis. Detail of Fig. G. Xylem cells at point of 
vascular strand change of direction. 
bar = 6 ym 
E. ^  krugii. Hilar region l.s. testa (L) and c.s. testa (c) at 
point (arrow) where vascular strand turns at right angle and 
continues out of seed, at hilum. Compare with Fig. F. 
bar = 183 ym 
F. B. krugii. Hilar region testa c.s. Lower vascular strand 
"(lower arrow) is a continuation of the vascular strand 
at arrow in Fig. E. The upper vascular strand (upper arrow) 
is emerging from the hilar mesotesta and continuing towards 
hilum. These are two portions of a single vascular strand 
whose change in direction is within the hilar mesotesta. 
bar = 141 ^  
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Plate XVII. Bauhinia species. Mature testa. Internai. Detail of 
vascular cells at hilum. Scanning electron micrographs. 
Bar at lower right of Fig. A indicates scale for all figures. 
A. Bauhinia alha. Hilar region. Testa l.s. Robustness of 
vascular strand at hilum indicated by distance between 
two upper arrows which mark extent of vascular tissue. 
Note that vascular strand extends to right (small arrow) 
as well as to left. 
bar = 73 jpm 
. B. ^  acuminata. Detail of Fig. A. Tracheoidal cells (arrows) 
at hilum. 
bar = 11 jpm 
C. ^  varieKata. Tracheoidal cells at hilum. Note recessed 
areas in cell wall (arrows) at tips of cells 
bar = 6 ym 
D. ^  faberl. Detail of aerenchymatous tissue present along 
hilar groove, between macrosclereid cells of exotesta. 
Gaps between cell walls (arrows) may allow passage of 
water vapor. 
bar = 3 pii 
E. B_j^  rufa. Detail of unusual pitting (arrow) on xylem vessels 
at hilum. Observed only in this seed. 
bar = 2 )m 
F. B_^  rufa. Enlargement of cell in Fig. E. Note what appear 
to be borders (arrows) on these pits. 
bar = 1 pn 
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Plate XVIII. Bauhlnia purpurea. Early stages in differentiation of 
testa, Proem'bryo. Sharmin's stain. Bar above A in Fig. A 
indicates scale for all figures. 
A. Testa at hilura. Mesotesta (m). Vascular strand (v) emerges 
from funicular stalk and is surrounded by parenchymatous 
tissue at hilum. Macroscleraids present at lower right 
maintain separation between seed testa and funicular stalk, 
bar = ^  ym 
B. Detail of endosperm (large arrow, right) nucellus (n), 
endosperm transfer tissue (small arrow) and bilayered 
inner integument (large arrow, left), mesotesta (m). 
bar = 13 ^  
G. Testa and proembryo. Parenchymatous tissue of funicular 
stalk (right .arrow) at hilum continuous with similar tissue 
subtending macrosclereid cells (left arrow). 
bar = 5^   
D. Detail of proembryo. Note suspensor (large arrow) extending 
to tips of inner integuments. Transfer tissue (small arrow) 
between suspensor and nucellus. 
bar = 40 pm 
E. Detail of proembryo and upper portion of suspensor (arrow), 
bar =13 
P. Detail of proembryo and suspensor, subtended by remnants 
of nucellar tissue. 
bar = 14  ^
G. Detail of proembryo m.l.s. at micropyle. Semi-circle of 
darkly staining material directly beneath proembryo is 
transfer tissue at border between endosperm and nucellus. 
The tips of the inner integuments (arrow to one cell) form 
a border between the nucellus and the outer integuments, 
bar = 14^  
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Plate XIX. Bauhinia vaxiesata. Early stages in maturation of testa. 
Heart-shaped embryo. Sharmln's stain. Bar at upper left of 
Fig. A indicates scale for all figures. 
A. Outer integument at midseed. Densely staining layer of 
macrosclereids (upper arrow). Mesotesta (M) of more than 
30 cell layers. Inner integument forms border between 
outer integument and nucellus. Nucellar tissue and endosperm 
separated by densely staining transfer tissue (lower arrow), 
bar = 50 ;um 
B. Outer integument at chalaza. Phloem tissue at fax left, 
large, daxkly stained "storage" cells (arrow) scattered 
along margin of vascular tissue. Macrosclereid layer 
subtended by several layers of thin-walled vacuolate 
parenchyma (to right and below arrow). 
bar = 20 ^  
C. Outer integument at hilum. Elongate macrosclereid cells 
(upper arrow) separated from storage cells by several layers 
of thin-walled, less densely-packed cells with prominent 
nuclei. Note parenchymatous cells of exotesta at hilum (lower 
arrow). 
bar = 20 ^  
D. Outer integument at micropyle (large arrow to outer opening 
of micropyle). Cells of funicular stalk at hilum, lower right 
of figure. Note elongate thin-walled vacuolate cells of 
funicular stalk (lower right arrow) and layer of similar cells 
at opposite side of micropyle, even distribution of "storage" 
cells in mesotesta. Macrosclereid cells of exotesta (left arrow), 
bar = 20 pm 
E. Inner integument and nucellus. Cells (beneath arrow) radiating 
from inner integument (arrow) indicate cell division in 
both inner and outer integuments near micropyle. 
bar = 50 /m 
F. Micropyle and hilum with embryo and endosperm. Protoderm 
and cell division between cotyledonary lobes is implied 
by density of cells (arrow) in this area. Cellular endosperm 
present around embryo. 
bar = 50 
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XX. Bauhinia purpurea. Maturation of testa. Internal. Elongation 
and differentiation of macrosclereid cells in outer testa. 
Scanning electron micrographs. Bar at lower left of Fig. A 
indicates scale for all figures. 
A. Macrosclereid cells elongating but outer testa lacks 
continuous sheet of cutin covering exterior of macrosclereid 
layer. 
"bar = 40 ^um 
B. Detail of A. Note width of space (arrows) between adjacent 
young macrosclereid cells. 
bar = 12 jum 
C. Midseed. Somewhat more mature seed. Cutin covers entire 
testa in continuous layer. Macrosclereid cells still only 
half of eventual mature height. 
bax = 29 /m 
D. Midseed. Detail of C. Note variation in thickness of 
outer cutin layer, difficulty in discriminating between 
short macrosclereids and subtending hypoderrais. Variation 
in thickness of outer cutin layer (thin, left arrow; thick, 
right arrow) may be due to parallax rather than to an actual 
difference in depth. 
bar = 12 jam 
E. Testa at hilar rim. Definitive reticulate outer testa surface 
pattern present. Note unusual insertion of cutin (arrow) 
between upper and lower portion of macrosclereid cell. 
bar = 12 pa 
F. Midseed. Macrosclereids appear fully elongated. Light 
line not yet present. Cuticle covering outer portion of 
macrosclereid cells is depressed (arrows) in center of cell 
and raised around cell walls, producing typical reticulate 
testa surface pattern. 
bar = 12 jum 
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Plate XXI. Bauhinia species. Early stages in maturation of seed. 
Internal. Scanning electron micrographs. Bar at left of 
Fig. A indicates scale for all figures. 
A. Bauhinia tomentosa. Portion of testa. Midseed. Endosperm. 
Mesotesta (M) directly subtending macrosclereids of 
exotesta. Thin layer of endosperm (E). 
"bar = 100 pm 
B. ^  tomentosa. Detail of Fig. A. Mesotesta and endosperm. 
The two to three layers of endosperm are separated from the 
seed testa "by what appears to "be two layers of cuticle. One 
covers the inner epidermis of the testa (upper arrow) and 
the second covers the outer layer of endosperm (lower arrow), 
•bar = 25 JJim 
G. B. tomentosa. Testa l.s. with vascular strand (arrow). 
Cells of mesotesta (M) appear empty, in contrast to Fig. F. 
bar = 63jpm 
D. ^  tomentosa. Detail of C. Note spiral pattern of wall 
thickenings on xylem vessels (lower arrow1 and large, 
thick-walled but empty cells (upper arrow) surrounding 
the vascular tissue. 
bar = 10 Jim 
E. Bj_ tomentosa. Macrosclereid layer at midseed. Cells have 
been damaged during preparation and have broken at the 
light line. 
bar = lOjpm 
F. B_^  petiolata. Less mature than the seed of %. tomentosa 
figured in A-E, this seed has shorter macrosclereids and 
the mesotesta cells are densely-packed with reserve 
substances (lower arrow at right, to one such cell), 
bar = 33jpm 
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Plate XXII. Bauhinla galpinii. Embryo. Mature seed testa. Internai. 
Endosperm (E), mesotesta (M). Scanning electron micrographs. 
Bar at upper left of Fig. A indicates scale for all figures. 
A. Seed testa and embryo l.s. Shows placement of embryo 
(radicle at right arrow) relative to hilum (left arrow), 
bar = 600 
B. Seed testa and embryo c.s. Hilar region comparable to area 
beneath bar in Fig. A. Groove (lower arrow) marking inner 
margin of two cotyledons just to left of seed center. 
Hilar groove (upper left arrows). 
bar = 250 ym 
C. Seed testa and endosperm, to right of radicle. Detail of 
Fig. A. Note endosperm, macrosclereid layer and mesotesta 
between the two. Arrows indicate border between mesotesta 
and endosperm. 
bar = 100 pm 
D. Seed testa c.s. hilar area. Note robust vascular strand, 
(right arrow) just above one cotyledon (left arrow). 
bar = 100 ^  
E. Midseed testa c.s. Note variation in endosperm thickness. 
Mesotesta appears uniform in thickness. Endosperm, below 
arrows at left, varies from thin (right large arrow) to 
thick (left large arrow). 
bar = 300 
F. Midseed. Testa and endosperm. Cells of endosperm so filled 
with food reserves that individual cells are difficult to 
discriminate. Contrast with empty cells of mesotesta, just 
above endosperm. 
bar = 100 jam 
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Plate XXIII. Bauhinia species. Embryo. Mature seed testa. Internal. 
Scanning electron micrographs. Bar at lower left of Fig. A 
indicates scale for all figures. 
A. Bauhinia purpurea. Seed l.s. Note relatively robust radicle 
(at right; and relatively thin testa, especially compared to 
B. retusa. 
bar = 366 jum 
B. ^  retusa. Seed l.s. Note thickness of seed testa (arrow 
upper right) directly above radicle (at lower right arrow). 
bar = 458 ^  
C. macranthera. Seed l.s. Note thin radicle (lower arrow) 
and thickness of testa above radicle (arrows) especially in 
comparison to ^  purpurea. 
bar = 550 ^  
D. ^  polycarpa. Midseed c.s. with cotyledons. Note acentric 
placement of embryo relative to testa and vascular strand 
(right arrow). Margin between two cotyledons marked by left 
arrow. This acentric placement was the rule rather than the 
exception. 
bar = 110 ym 
E. B. polycarpa. Midseed c.s. with cotyledons. Both endosperm 
Xbelow arrow) and mesotesta (above arrow) contain cells 
packed with reserves. 
bar = 110 ^  
F. B. rufescens. Cotyledon c.s. Note wrinkled epidermis and 
large mesophyll cells (one such marked with m) apparently 
filled with reserves. 
bar = 11 ^  
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Plate XXIV. Gereis species. Embryo. Mature seed testa. Internal. 
Scanning electron micrographs. Bar at lower right of 
Fig. A indicates scale for all figures. 
A. Gereis siliquastrum. Mature seed at hilar region, l.s. 
Note radicular lobe or micropylar lens (area of weakness in 
macrosclereid layer) has separated from rest of exotesta. 
Location of separation (small arrow) is just above radicle 
(large arrow) of mature embryo. Note direction of vascular 
strand (black and white arrow) away from radicular lobe or 
micropylar lens. 
bar = 175 jpm 
B. Gj^  occidentalis. Mature seed hilar region l.s. Radicular 
lobe or micropylar lens (upper small arrow) just above 
radicle (large arrow). Gopious endosperm surrounds embryo. 
Mesotesta thick, especially above radicle. Line of small 
arrows at demarcation of mesotesta and endosperm. 
bar = 175 
C. C_i chinensis. Mature seed hilar area l.s. Note that, as 
in B, the localized increase in mass of the mesotesta is 
directly above the radicle (lower arrow) and results in 
an arching of the overlying macrosclereid layer(upper arrow). 
bar = 117 ^  
D. C_L reniformis. Mature seed hilar region l.s. Proliferation 
of mesotesta above radicle not as great as in seeds of 
G. occidentalis and Q_, chinensis. Note curvature of light 
line (arrows) in macrosclereid layer. Radicle was located 
beneath area of noted curvature in line. 
bar = 97/Pm 
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Plate XXV. Bauhlnia species. Mature seed testa. Internal. Macrosclereid 
layer and light line. Midseed. Scanning electron micrographs. 
Bar at lower left of Fig. A. indicates scale for all figures. 
A. Bauhlnia tarapotensis. Macrosclereids appear to lack light 
line, in this seed. Note extent of cell lumen (arrow at apex 
and base) through nearly entire length of at least one cell, 
bar = lOjpm 
B. ^  retusa. Light line (arrow) at about 80^  of total cell 
height. 
bar = 1? jpm 
G. ^  petersiana. Light line (arrow) at about 70% of total 
cell height. 
bar = 10 pm 
D. ^  polycarpa. Light line (arrow) at about 60% of total cell 
height. 
bar = 12 pa 
E. ^  reticulata. Light line (arrow) at about 50^  of total 
cell height. 
bar = lOjwm 
F. ^  longicuspis var. paraensis. Note convex curve (upper and 
lower arrows) of macrosclereid cell, both above and below 
light line. 
bar = 12 ym 
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Plate XXVI. Cereis species. Mature seed testa. Internal. Macrosclereids. 
Midseed and chalaza. Scanning electron micrographs. Bar at 
upper left of Fig. A indicates scale for all figures. 
A. Gereis chinensis. Testa c.s. Note pointed tips (upper arrow) 
of macrosclereid cells, location of light line near cell tip. 
bar = 11 
B. G_^  chinensis. Detail of macrosclereid cells. Midseed. 
Peculiar separation of cell wall (arrow) at tip just above 
light line. 
bar = 2 ^  
G. G. reniformis. Ghalazal testa c.s. Light line (arrow) close 
to outer tip of macrosclereid cells. 
bar = J2 yim 
D. C. occidentalis. Testa c.s. Note peculiar separation of 
macrosclerid cell wall (arrows) close to tip of cell, 
bar = 12 jam 
E. C_!. siliquastrum. Ghalazal testa l.s. Light line (arrow) 
close to outer tip of macrosclereid cells. 
bar = 35 pn 
F. C_^  chinensis. Testa l.s. Gutin from outer testa has 
covered macrosclereid layer. Note large volume of 
mesotesta consisting of cells packed with reserves, 
bar = 58 jpm 
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Plate XXVII. Bauhlnla species. Mature testa. Internal. Mesotesta. 
Macrosclerelds. Hilar groove. Scanning electron micrographs. 
Bar at lower l^ ft of Fig. A indicates scale for all figures. 
A. Bauhlnla hookerl. Hilar region surface view. Break in outer 
cutln layer. Area marked "by arrow is viewed In detail In 
Fig. B. 
bar = 29 
B. ^  hookerl. Detail of A. Polar view of macrosclereld cell 
contents (arrow) after removal of cutln outer covering, 
bar = 3 
G. ^  tomentosa. Hilar region surface view. Break in 
macrosclereld layer. Area marked by arrow is viewed in 
detail in D. 
bar = 38 y™ 
D. ^  tomentosa. Detail of Fig. G. Top view of macrosclereld 
cell wall. No contents noticeable, in contrast to Fig. B. 
bar = 2 )m. 
E. ^  rufa. Hilar groove l.s. Parenchyma adherent to macro­
sclereld layer extends from outer margin of exotesta 
through hilar groove to underlying mesotesta. 
bar = 29 ^  
F. B. rufa. Detail of stellate parenchyma mesotesta cell. 
Note extension from side of cell (arrow) which would form 
connection with similar extension on adjoining cell. 
bar = 4 ^  
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Plate XXVIII. Cercldeae. Mature seed testa. External. Pattern at 
midseed. Papillose. Scanning electron micrographs. 
Bar at lower left of Fig. A indicates scale for all 
figures. 
A. Gereis siliquastrum. Papillose pattern. Arrow indicates 
outer tip of single cell. 
bar = 4 ^  
B. Bauhinia pruinosa. Section Bauhinia. Subseries Pauletia. 
irregularly papillose pattern. 
iDar = 4 ^  
G. Gercis occidentalis. Papillose pattern with overlying 
foveolate pattern. Arrow indicates intervening groove 
between underlying macrosclereid cells. 
bar = 4 ^  
D. Bauhinia tomentosa. Irregularly papillose (lower arrow) 
to foveolate (upper arrow). 
bar = 4 pn 
E. aculeata. Section Bauhinia. Subseries Pauletia. Papil­
lose with overlying pattern of tiny papillae (arrow). 
bar = 4 ^  
F. Gercis siliquastrum. Papillose pattern with areas of 
overlying substriate pattern. 
bar = 4 
G. reniformis. Papillose pattern with overlying substriate 
pattern. 
bar = 1 ^  
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Plate XXIX. Cercideae. Mature seed testa. External. Pattern at midseed. 
Scanning electron micrographs. Bar at lower left of Fig. A 
indicates scale for all figures. 
A. Bauhinia reticulata. Section Piliostigma. Foveolate 
pattern with very heavy ridges. 
bar = 4 ^  
B. ^  reticulata. Detail of A. 
bar = 1 ^  
G. Griffonia simplicifolia. Foveolate with cuticular folds, 
bar = 4 ^  
D. Bauhinia malabarica. Section Piliostigma. Foveolate 
with heavy ridges and cuticular folds. 
bar = 4 ^  
E. Bj_ polycarpa. Rugulate pattern. 
bar = 4 
F. ^  polycarpa. Detail of E. 
bar = 1 ^  
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Plate XXX. Bauhinia species. Mature seed testa. External. Reticulate 
pattern at midseed. Scanning electron micrographs. Bar at 
lower left of Fig. A indicates scale for all figures. 
A. Bauhinia petiolata. Section Bauhinia. Subseries Amaria. 
Reticulate pattern with very heavy ridges. 
bar = 5 ym 
B. ^  petiolata. Detail of A. 
bar = 2 ysi 
C. ^  tarapotensis. Section Bauhinia. Reticulate pattern 
with heavy ridges. 
bar = 5 )m 
D. ^  tarapotensis. Detail of G. 
bar = 2 
E. purpurea. Section Bauhinia. Reticulate pattern early 
in formation of mature seed coat pattern. Note sharpness of 
pattern and wrinkling of cutin, a possible indication of 
slight depth of cutin layer at this early stage. 
bar = 5 
F. ^  purpurea. Detail of E. Note folds in cutin and 
shallow grooves (arrow) which mark partition between 
cell walls of adjacent cells. This will not be evident 
later. 
bar = 2 ^  
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Plate XXXI. Bauhinia species. Mature seed testa. External. Reticulate 
pattern at midseed. Scanning electron micrographs. Bar at 
lower left of Fig. A indicates scale for all figures. 
A. Bauhinia purpurea. Section Bauhinia• Simple reticulate 
pattern with overlying pattern of tiny papillae (upper 
arrow). Narrow ridge in cutin (lower arrow) is bacterial 
or fungal track. 
bar = 1 
B. ^  grandiflora. Section Bauhinia. Subseries Aculeata. 
Simple reticulate pattern with overlying pattern of 
tiny papillae (arrow). 
bar = Z ysn. 
C. ^  purpurea. Simple reticulate with overlying pattern 
of folds (large arrow) and papillae (small arrow), 
bar = 1 ^  
D. ^  faberii. Section Gaulotretis. Simple reticulate pattern 
with occasional depressions (arrow). 
bar = Z ym 
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Plate XXXII. Baiihinia species. Mature seed testa. External. Pattern 
at midseed. Scanning electron micrographs. Bar at lower 
left of Fig. A indicates scale for all figures. 
A. Bauhinia longicusDis var. paraensis. Section B&uhinia. 
Suhseries Pauletia. Substriate pattern. 
bar = k ysi 
B. ^  pauletia. Section Bauhinia. Subseries Pauletia. 
Substriate pattern. 
bar = 1 ^  
G. ^  pauletia. Rugulate pattern. 
bar = 1 pa 
D. ^  hookeri. Section Lysiophyllum. Reticulate pattern 
with heavy ridges. 
bar = 2 
E. ^  binata. Section Lysiophyllum. Smoothly rugulate 
pattern. 
bar = 4 ^  
F. ^  macranthera. Section Bauhinia. Rugulate pattern, 
bar = 2 ym 
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Plate XXXIII. Adenanthera (Mimosoideae) and Gercideae. Mature seed 
testa. External. Pattern at midseed. Scanning electron 
micrographs. Bar at lower left of Fig. A indicates 
scale for all figures. 
A. Adenanthera pavonia. Mimosoideae.Laevigate pattern 
with pits obscured at base by cuticular membrane 
(arrow). 
bar = 3 
B. Bauhinia rufa. Section Bauhinia. Subseries Pauletia. 
reticulate pattern with heavy ridges and occasional 
depressions (arrow). 
bar = 4 ^  
C. B^  rufa. Substriate with base of pit foveolate to 
papillose (arrow). 
bar = 4 ^  
D. B. rufa. Detail of substriate pattern. 
bar = 1 pn 
E. ^  malabarica. Section Piliostigma. Reticulate 
pattern with oval depressions (arrow). 
bar = 3 ^  
F. malabarica. Detail of reticulate pattern shows 
minute rugulate pattern (arrow) of depression 
surface. 
bar = 1 ^  
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Plate XXXIV. Cercideae. Mature seed testa. External. Pattern at 
midseed. Scanning electron micrographs. Bar at lower 
left of Fig. A indicates scale for all figures. 
A. Cereis reniformis. Papillose pattern with scattered 
pits (arrows). 
bar = 20 ym 
B. Bauhinia petiolata. Section Bauhinia, Subseries Amaria. 
Reticulate pattern with heavy ridges and scattered pits 
(arrows). 
bar = 20jum 
C. Cereis reniformis. Detail of A. Striate pattern overlying 
papillose testa pattern. Striations directed (arrow) 
towards smooth base of pit. 
bar = 4 ^  
D. Bauhinia petiolata. Detail of B. Reticulate pattern 
with heavy ridges and smooth or barely papillose pits, 
bar = ^  pfi 
E. Gercis chinensis. Papillose pattern (arrow) with scattered 
pits. 
bar = 20 pn 
F. G_^  chinensis. Detail of E. Striations (arrows) directed 
towards base of pit, as in ^  reniformis, but papillose 
pattern is continuous on both ridges and pits. 
bar = 4 ^  
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Plate XXXV. Cercideae. Mature seed testa. External. Pattern at 
hilar groove. "Rim membrane" beneath arrows, all 
figures. Scanning electron micrographs. Bar at lower 
left of Fig. A indicates scale for all figures. 
A. Gere is occidentalis. Rugulate pattern. Arrow to hilar 
groove. 
bar = 4 jpm 
B. Bauhinia tomentosa. Section Bauhinia. Laevigate pattern. 
Seed testa from area enclosed by crescentic hilar groove, 
bar = 4 ^  
G. B_i. variegata var, Candida. Section Bauhinia. Rugulate 
pattern. Seed testa from area enclosed by crescentic 
hilar groove. Arrow to hilar groove. 
bar = 7 ym 
D. ^  tomentosa. Section Bauhinia. Reticulate pattern with 
heavy ridges overlying, tending to subrugulate pattern. 
Seed testa from area enclosed by crescentic hilar groove. 
Arrow to groove. 
bar = 4 ^  
F. giorgii. Foveolate pattern (lower arrow to single 
cell forming this pattern, this arrow overlays a fungal 
track) Seed testa from area enclosed by crescentic 
hilar groove. Upper arrow to hilar groove. 
bar = 8 ^  
G. ^  malabarica. Section Piliostigma. Reticulate with 
heavy ridges and overlying substriate pattern. Seed 
testa from area enclosed by crescentic hilar groove. 
Arrow to groove. 
bar = 4 ^  
276 
Plate XXXVI. Bauhinia species. Mature seed testa. External. Testa 
pattern at hilar groove. "Rim membrane" beneath arrow 
in all figures. Scanning electron micrographs. Bar at 
lower left of Fig. A indicates scale for all figures. 
A. Bauhinia rufa. Section Bauhinia. Subseries Pauletia• 
Substriate pattern with striations at ^ 5 degree angle 
to hilar groove. Seed testa from area enclosed by 
crescentic hilar groove. Arrow to groove. 
bar = 5 ym 
B. B^  Dicta. Section Bauhinia. Subseries Amaria. Substriate 
pattern with striations at 90 degree angle to groove. 
Seed testa from area enclosed by crescentic hilar groove. 
Arrow to groove. 
bar = 3 fm 
C. ^  tarapotensis. Section Bauhinia. Rugulate pattern. 
Seed testa from area enclosed by crescentic hilar 
groove. Arrow to groove. 
bar = 5 yum 
D. B_^  purpurea. Section Bauhinia. Substriate pattern 
with striations parallel to hilar groove. Seed testa 
from area enclosed by crescentic hilar groove. 
Arrow to groove. 
bar = 5 
E. B_^  grandiflora. Section Bauhinia. Subseries Aculeata. 
Reticulate pattern with overlying substriate pattern. 
Seed testa from area enclosed by crescentic hilar groove. 
Arrow to groove. 
bar = 2.5 jpm 
F. B^  variegata. Section Bauhinia. Papillose pattern with 
overlying substriate pattern. Seed testa from area 
enclosed by crescentic hilar groove. Arrow to groove, 
bar = 3 yum 
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Plate XXXVII. Bauhinia species. Mature seed testa. Testa pattern at 
hilar groove. Hilar configuration. Scanning electron 
micrographs. Bar at lower left of Fig. A indicates 
scale for all figures. 
A. Bauhinia polycarpa. Multireticulate testa pattern. 
Seed testa at area enclosed by crescentic hilar groove. 
Arrow to groove, "rim membrane" beneath arrow. 
bar = 5 j™ 
B. ^  galpinii. Section Bauhinia. Reticulate pattern with 
very heavy ridges. Seed testa at area enclosed by 
crescentic hilar groove. Arrow to groove, "rim membrane" 
beneath arrow. 
bar = 5 ^  
G. B. polycarpa. Surface view. Micropyle at tip of right 
arrow, hilar tongue to left of arrow. Hilar groove and 
inner half of "rim membrane" at left arrow. Note location 
of multireticulate pattern at hilar groove. 
bar = 50 jum 
D. ^  longicuspis. Section Bauhinia. Subseries Pauletia. 
Reticulate with very heavy ridges. Seed testa at area 
enclosed by crescentic hilar groove. Arrow to groove, 
"rim membrane" beneath arrow. 
bar = 5 
E. ^  polycarpa. Detail of C. Upper portion of micropyle 
composed of a single slit in the macrosclereid layer 
(lower arrow indicates one macrosclereid cell in upper 
micropyle). Seed testa pattern surrounding micropyle 
foveolate. Hilar tongue to left of upper arrow. 
bar = 17 ym 
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Plate XXXVIII. Dichrostachys species. (Mimosoideae). Mature testa. 
External. Hilar region, Pleurogram. Scanning electron 
micrographs. Bar at lower left of Fig. A indicates 
scale for all figures. 
A. Dichrostachys cinerea. Face view of seed. Hilar 
region at upper portion of figure. Pleurogram indicated 
"by arrows. 
bar = 300 
B. cinerea. Detail of hilar region. Lens (left arrow). 
Hilum (right arrow). 
bar = 125 ^  
G. D_i cinerea. Detail of pleurogram. Break in exotesta 
at pleurogram (arrow) partially occluded. Note other­
wise laevigate (smooth) testa surface. 
bar = 60 ^ m 
D. D_i glomerata. Hilar region. Micropyle (upper arrow). 
Hilum with emerging vascular bundle (central arrow). 
Lens (lower arrow). Rugulate testai pattern at hilum, 
micropyle and portion of lens, otherwise testai surface 
laevigate with exotestal cracks. 
bar = 0^ jm 
E. D_L glomerata. Detail of D. Hilum (lower arrow). 
Micropyle (upper arrow). 
bar = 8 jm 
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Plate XXXIX. Dichrostachys species. (Mimosoideae). Mature seed testa. 
Pleurogram. Internal. External. Endosperm (E), mesotesta 
(M). Scanning electron micrographs. Bar at left of Fig. A 
indicates scale for all figures. 
A. Eichrostachys cinerea. Midseed testa. Internal. 
Macrosclereid cell layer subtended by layer of short 
osteosclereid cells (arrow). Mesotesta subtending of 
8-10 layers of compressed cells. 
bar =1? ysi 
B. D. cinerea. Midseed c.s. Pleurogram (black and white 
arrow) appears to be directly subtended by endosperm, 
bar = 39 pm 
G. E. glomerata. Midseed c.s. Pleurogram (black and white 
arrow) subtended by layer of osteosclereids (small arrow) 
which appear taller than those of ]]_. cinerea. Mesotesta 
of several layers of compressed cells. 
bar = 16 pm 
D. D_^  glomerata. Pleurogram c.s. Pleurogram a narrow groove 
bounded by macrosclereids of exotesta. Note what appears 
to be slight curvature in macrosclereids, above and below 
light line (arrow), 
bar = IZ 
E. D_L glomerata. Detail of pleurogram terminus, near hilar 
region. Note testa cracks (two upper arrows) extending 
from pleurogram. Top view of osteosclereids (small lower 
arrow)beneath pleurogram at this point. 
bar = 19 jpm 
F. 2^  glomerata. Detail of pleurogram at midseed. Pleurogram 
groove at tip of arrow. Exotesta cells bordering pleurogram 
apparently coated with cutin. 
bar = 2 _pm 
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Plate XXXX. DIchrostachys species. (Mimosoideae). Embryo. Mature seed 
testa. Internal. Lens. Micropyle. Mesotesta (M), embryo 
(E). Scanning electron micrographs. Bar at upper left of 
Fig. A indicates scale for all figures. 
A. richrostachys glomerata. Hilar area l.s. testa. Micropyle 
l^arge arrow at right).Hilum (small arrow at right). Lens 
(small arrow at left). Micropyle subtended by open chamber 
in mesotesta. Tissue (lower arrow) located between open 
micropyle subchamber and embryo either small amount of 
endosperm or testa tissue. 
bar = 97 ^  
B. D. glomerata. Detail of A. Hilum (left arrow). Micropyle 
%right arrow). 
bar = 35 Jum 
C. D. glomerata. Detail of micropyle. Subchamber in mesotesta 
indicated by arrow. 
bar =18 pn 
D. cinerea. Seed testa l.s. at lens. Lens circumference 
marked by depression in testa surface and shortening 
of macrosclereid cells (arrow). Same type of lens is 
present on seeds of ^  glomerata (Fig. A, E). 
bar = 16 ^  
E. D_L glomerata. Lens circumference marked by depression 
in testa surface and shortening of macrosclereid cells 
(arrow) at depression. Lens is subtended by stellate 
mesotesta cells. 
bar = 13 
F. D. cinerea. Detail of stellate mesotesta cell. Same 
type of cell present in D^  Rlomerata, beneath lens, 
bar = 3 yum 

Plate XXXXI. Adenanthera pavonia (Mimosoideae). Mature testa, internai 
and external. Hilum (H), 1-ens (L), mesotesta (M) . 
Scanning electron micrographs. Bar at left in Fig. A 
indicates scale for all figures. 
A. Hilar region, polar view, one-half of seed. Hilum 
small and surrounded by revolute rim, micropyle at 
tip of arrow, suhmicropylar chamber traversed by this 
arrow. 
bar = 46 ^pm 
B. Detail of hilar region, polar view, one-half of seed. 
Micropyle(at upper arrow) also surrounded by revolute 
rim. Hilum (at lower arrow). Note extensive network 
of cracks in the seed testa. 
bar = 60 ^  
C. Polar view, half of seed plus embryo. Radicle (R) 
directly beneath micropyle and hilum, in the uncut 
seed. Micropyle (tip of arrow), hilum (above arrow), 
bar = 167 ^  
D. Detail of testa at lens, 1.s. of half of seed, 
Lens subtended by vascular strand (X) which is 
closer to the exotesta at the lens (arrow indicates 
close approach point). Note split in exotesta, at 
boundary of lens (upper arrow at split). 
bar = 60 jm 
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Plate XXXXII. Gereis species (Caesalpinicideae) and Adenanthera 
pavonia (Mimosoideae). Matiare seed testa, internal. 
Lens and hHum. Mesotesta (M), upper portion of 
macrosclereid cell (E). Scanning electron micrographs. 
Bar at upper left of Fig. A indicates scale for all 
figures. 
A. Adenanthera pavonia. Testa l.s. and lens, one-half of 
seed. Vascular strand (right arrow) is located 
directly beneath exotesta, at lens. Margin of lens 
shows crack in exotesta weakening attachment of lens 
exotesta to rest of seed testa. 
bar = 70 pm 
B. ^  pavonia. Detail of lens margin l.s. Lens at left of 
arrow. Arrow indicates placement of lens margin with 
macrosclereid cells attached to each other only at the 
outer tips. 
"bar = 12 ym 
G. G_j_ reniformis. Radicular lobe exotesta, l.s. Note 
location of light line (small arrows) and curvature of 
macrosclereid cells beneath light line, especially at 
margin breaking point from rest of exotesta. 
bar = 12 ^  
D. C_L renif ormis. Exotesta at radicular lobe, l.s. 
Note abrupt curvature in location of light line 
(small arrows) and lack of attachment between 
exotesta and the subtending mesotesta. 
bar = 10 pm 
E. G. reniformis. Testa l.s., hilum c.s. Note sharp 
dip in light line (arrows) and abrupt rise in same, 
close to the hilar groove (at far left of figure). 
Curvature of that portion of the macrosclereid cell, 
subtending the light line may indicate some tension 
in the cell wall at this region. 
bar = 10 jpm 
F. chinensis. Testa l.s., hilum c.s. Note slight rise 
in light line (arrows) closer to tips of exotesta cells, 
towards right of figure. The macrosclereids have been 
broken, at the light line, in this seed. 
bar = 7 
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Plate XXXXIII. Bauhinla species. Mature seed testa, internai and 
external. Breaks in exotesta and fracture lines. 
Scanning electron micrographs. Bar at left of Fig. A 
indicates scale for all figures. 
A. Bauhinia prulnosa. Testa c.s. Fracture line at arrow, 
bar = 110 pn 
B. ^  pruinosa. Detail of Fig. A. Note double concavity 
formed along crack, continued attachment between 
exotesta and mesotesta (lower arrow) and manner in 
which macrosclereids along fracture or crack axe 
closest to each other at light line (upper arrow). 
bar = 18 ^  
C. ^  punctata. Testa l.s. 
bar =110 ^  
D. ^  punctata. Detail of break in macrosclereid layer. 
Light line indicated by small arrow, break in exotesta 
results in concavity only beneath light line. 
bar = 11 jpm 
E. ^  polycarpa. Testa polar view, note network of 
cracks and fractures in exotesta, extending across 
surface of seed. 
bar = 37 jpm 
F. B_L hinata. Testa polar view, surface of crack in testa. 
Apparently macrosclereid cells are free of cutin along 
length. 
bar = 8 ^  
G. ^  longicuspis. Testa l.s. with split or crack in 
exotesta. Note double concavity in macrosclereid cells 
along crack, with attachments continuing at the tips 
bases, and at the light line (arrows). 
bar = 11 ^  
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Plate XXXXIV. Cercls species. Mature testa, internai. Hilum and 
subtending tissues. Aerenchymatous tissue at hilum (A), 
en d o s p e r m  ( E ) ,  m e s o t e s t a  (M ) ,  r a d i c u l a r  l o b e  (R ) .  
Scanning electron micrographs. Bar at upper left of Fig. 
A Indicates scale for all figures. 
A. Gereis reniformis. Testa c.s. at hilum, hilar groove l.s. 
Hilar groove subtended by chamber (arrow) filled with 
aerenchymatous tissue (upper A) consisting of elongate 
cells. Mesotesta of considerable depth at subhilum, of 
lesser depth at midseed. Border between endosperm and 
mesotesta is indicated by small arrows. 
bar = 159 ^  
B. C_^  reniformis. Detail of hilum. Micropyle at upper 
arrow. Note variation in height of light line (small 
arrows) in exotesta contiguous to hilar groove vs. 
more distant from the groove. 
bar = 5^   
C. chinensis. Testa c.s. at hilum, hilar groove l.s. 
Micropyle at tip of arrow. 
bar = 120 pa 
D. G. chinensis. Detail of hilum. Hilar groove subtended 
by chamber (arrow) containing aerenchyma (A). Note 
aerenchyma apparently adherent to exotesta, directly 
above arrow. Curve in light line (small arrows) present 
in exotesta at hilar groove. Mesotesta (M) of stellate 
parenchyma cells. 
bar = 70 _/im 
E. C_^  occidentalis. Testa c.s. in hilar region. Border 
between mesotesta and endosperm indicated by arrows. 
bar = 146 ym 
F. Çj_ siliquastrum. Testa c.s. in hilar region, hilar 
groove l.s. indicated by tip of arrow, subhilar chamber 
partially obscured by broken pieces of exotesta. 
bar = 70 ^  
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Plate XXXXV. Cereis species. Mature testa, internal. Hilar region. 
Cotyledons (c), mesotesta (M), vascular tissue (x). 
Scanning electron micrographs, Bar at upper left of 
Fig. A indicates scale for all figures. 
A. Gereis occidentalis. Testa l.s., hilar groove l.s. 
Hilar groove at tip of large arrow. Aerenchyma of subhilar 
chamber, at white A and above. Note variation in light 
line placement (small arrows) relative to distance from 
hilar groove. 
bar = 5^  /jm. 
B. C. chinensis. Testa l.s., hilar groove c.s. Note 
placement of light line (small arrows) relative to bend 
in macrosclereid cells (large right arrow) at hilar 
groove. Macrosclereid cells, thickly covered with cutin 
(large left arrow) appear blunt-tipped rather than 
acutely-tipped. 
G. C. siliquastrum. Testa l.s., hilar groove c.s. Note 
placement of light line (small arrows) relative to 
distance from hilar groove. Vascular bundle (X) ascending 
through mesotesta to hilum, along wall of subhilar 
chamber. 
bar = 54 ^  
D. siliquastrum. Detail hilar groove l.s. Curvature 
of the macrosclereids as indicated at tip of arrow 
close hilar groove. 
bar = 3^  pm 
E. occidentalis. Testa c.s. Note location of cotyledons 
relative to vascular strand and to hilum (between two 
large arrows. 
bar = 130 ^  
F. G.occidentalis. Detail of Fig. E. Note gap in center of 
vascular strand, also note the change in distancé between 
light line and upper tips of the macrosclereid cells, at 
the hilum. 
bar = 47 pm 
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Plate XXXXVI. Gercideae (Caesalpinioideae) and Mimosoideae. Mature 
seed testa, interal at micropyle and hilar groove. 
Aerenchyma (A). Scanning electron micrographs. Bar at 
upper left of Fig. A Indicates scale for all figures. 
A. Bauhinia forficata. Hilar groove c.s. Outer portion of 
hilar groove at arrow, subtending aerenchyma (A). Note 
shortening and tapering of macrosclereids at hilar 
groove. 
"bar = 23 jpm 
B. B. acuminata. Micropyle c.s. Note manner in which exotesta 
continues for short distance into micropyle (right arrow) 
and note curvature of exotesta over mesotesta (left arrow) 
at margin of micropyle. Gutin layer appears to continue 
into micropyle ("beneath right arrow). 
"bar = 18 
G. Gereis occidentalis. Hilum c.s. Hilar groove indicated 
by upper large arrow, micropyle by left arrow, hilar 
rim by small central arrow ajid true hilum by large arrow 
at right. Aerenchymatous tissue (A) fills subhilar 
chamber and appears to extend up into hilar groove, 
bar = 47 jpm 
D. Gj_ occidentalis. Detail of hilum c.s. Hilar groove at 
tip of right arrow, micropyle at tip of left arrow, 
aerenchymatous tissue (A) fills subhilar chamber. 
bar = 35 
E. C_^  occidentalis. Detail of aerenchymatous tissue present 
in subhilar chamber. 
bar = 7 )jm 
F. Adenanthera pavonia (Mimosoideae). Detail of hilum and 
micropyle. oblique polar view of a half seed. Micropyle 
upper arrow, hilum lower arrow. 
bar = 70 ^  
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Plate XXXXVII. Bauhinia species. Mature seed testa, internai. Hilar 
groove O.S. showing variation in closure of macrosclereid 
layer along hilar groove. Vascular tissue (x), hilar 
groove indicated by tip of arrow. Scanning electron 
micrographs. Bar at lower left of Fig. A indicates 
scale of all figures. 
A. Bauhinia glauca. slight closure, opposite macrosclereid 
layers touching only at light line. 
bar = 15 
B. ^  glauca. Very tight closure, opposite macrosclereid 
layers touching along most of their length. 
bar = 12 ym 
C. ^  glauca. Very tight closure, as in B but with 
vascular tissue (X) being compressed between opposing 
macrlsclereid layers. 
bar = 12jpm 
D. ^  heterophylla. Slight closure, vascular tissue (x) 
being compressed between opposing macrosclereid layers 
only at the light line. 
bar =18 ^  
E. B_^  hypehana. No closure, opposing macrosclereid layers 
are not touching at any point along their length. 
bar = 17 ym. 
F. ^  racemosa. No closure but very sr.all gap between 
opposing layers of macrosclereids, gap is smallest 
at light line. 
bar = 10 ^  
G. ^  rufa. No closure with a wide gap between opposing 
macrosclereid layers. 
bar = 17jpm 
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Plate XXXXVIII. Bauhinia species. Mature seed testa, internai. 
Hilar groove. Aerenchyma (A), mesotesta (M), 
vascular tissue (X). Scanning electron micrograph. 
Bar at lower left of Fig. A indicates scale for 
all figures. 
A. Bauhinia krugii. Hilar groove l.s. Aerenchyma (A) at 
hilar rim extension into exotesta along groove. 
bar = 20 pm 
B. krugii. Detail of A. Aerenchymatous tissue. 
bar = 7 ^  
G. ^  hypehana. Hilar region c.s. Hilar groove at tip 
of arrow. 
bar = 108 ^ m 
D. ^  hypehana. Detail of G. Hilar groove along arrow. Note 
aerenchyma only, at base of hilar groove. 
bar = 23 Jpm 
E. B_^  malabarica. Hilar region c.s. at hilar groove. 
Both halves of the crescentic hilar groove (at arrows), 
bar =110 ^  
F. B. malabar ica. Hilar groove c.s. Groove indicated by 
arrow, aerenchyma (A) at base of hilar groove. 
bar = 25 /im 
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Plate XXXXIX. Bauhlnia species. Mature seed testa, internai. Hilar 
groove and hilar rira. Aerenchyma (A), mesotesta (m). 
Scanning electron micrographs. Bar at lower left of 
Fig. A indicates scale for all figures. 
A. Bauhinia galpinii. Hilar region c.s. Hilar groove (at 
arrow) open along entire length. Hilar rim beneath tip 
of arrow and apparently extending into mesotesta, along 
side of hilar groove. 
bar = 110 
B. B. galpinii. Detail of A, vascular tissue. Note 
lacuna (L) in center of vascular bundle, surrounded 
by rows of xylem radiating out away from the lacuna. 
Mesotesta cells appear to lack any stored reserves 
(M indicates one such cell). 
bar = 28 pii 
C. ^  galpinii. Hilar groove m.l.s. Detail of aerenchymatous 
tissue (A) present along one half of the hilar groove, 
compare with A, beneath arrow, 
bar = 37 pm 
D. ^  galpinii. Hilar groove c.s. Open along entire length, 
hilar groove is indicated by arrow. Note elongate 
aerenchymatous cells (A) at border between mesotesta and 
hilar groove. 
bar = 28 ^ m 
E. B^  binata. Hilar groove c.s. slightly open, groove 
indicated by arrow, hilar rim beneath arrow. Extension 
of rim aerenchyma along hilar groove into the 
aerenchymatous tissue subtending the hilar groove. 
Mesotesta of stellate parenchyma. 
bar = 55 
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Plate L. Bauhinia species. Mature testa, internai. Hilar region. 
Hilar tongue (H), mesotesta (M), vasculax bundle (X), 
exotesta of radicular lobe (R). Scanning electron micrographs. 
Bar at upper left of Fig. A indicates scale for all figures. 
A. Bauhinia forficata. Section Bauhinia. subseries 
Aculeata. Hilar region l.s. Micropyle at tip of large 
arrow, radicular lobe at left of this arrow. Note location 
of light line (small arrow) in exotesta and apparent 
lack of adhesion between exotesta and mesotesta at this 
point. 
bar = 
B. B. forficata. Detail of Fig. A. Micropyle at arrow. Upper 
margin of radicular lobe at R, immediately above 
corresponding high point on mesotesta (M). Note decrease 
in height of macrosclereids at this point. 
bar = 35 
G. ^  forficata. Hilar region l.s. emerging vascular bundle at 
upper arrow, micropylar extension (recurrent vascular bundle) 
at lower arrow. Compare relative height of macrosclereids 
immediately subtending hilar tongue (H) to those composing 
exotesta between crescentic hilar groove (to left of upper 
arrow). 
bar = 97 jpm 
D. ^  forficata. Hilar region c.s. hilar tongue at right (H, upper 
arrow) Hilar groove a weak point in testa, crack extends 
down through mesotesta. Hilar rim at tip of lower aurrow. 
bar = 91 pm 
E. ^  fabeiii. Section Gaulotretis. Hilar region c.s. hilar 
groove indicated by right and left arrows. Raphal portion 
of vascular tissue (X). Note greater depth of mesotesta at 
left which results in an asymmetrical seed outline. 
bar = 97 
F. ^  pauletia. Section Bauhinia, subseries Pauletia. Hilar 
region c.s. at area of decreasing hilar tongue (H) extension 
above remainder of seed. Large arrow indicates extension of 
parenchymatous tissue through hilar groove to mesotesta. 
Small arrows at left indicate location of light line in 
exotesta between crescentic hilar groove. 
bar - 23 )M 

Plate LI. Bauhinia species. Mature testa, internal. Macrosclereid 
cells and subtending mesotesta at hilum and at midseed. 
Mesotesta (M), vascular bundle (x). Scanning electron 
micrographs. Bar at lower left of Fig. A indicates scale. 
A. Bauhinia tarapotensis. Section Bauhinia, subseries Aculeata. 
Hilar region c.s. Note raphal vascular bundle subtends 
external bulge in seed testa. Hilar groove at tip of 
arrow, hilar rim foriming a ridge just beneath arrow. 
bar = 263 pn 
B. B. variegata. Section Bauhinia. Hilar region c.s. hilar 
groove at arrow and exotesta between crescentic groove. 
The hilar groove appears to be occluded by cutin deposits. 
The exotesta has a relatively high placement of the light 
line (small arrows). 
bar = 26 jpm 
C. ^  macranthera. Section Bauhinia. Hilar region c.s. 
Hilar groove (at arrow) appears somewhat occluded by 
strands of cutin. 
bar = 263 ym 
D. ^  longicuspis. Exotesta and upper mesotesta at midseed. 
Note location of light line (at small arrows). Mesotesta 
consists of stellate parenchyma cells appearing to be 
packed with reserves (M) indicates one such cell. 
bar = 26 m^ 
E. ^  rufa. Exotesta and upper mesotesta at midseed. Note 
location of light line (small arrows) and less dense 
arrangement of mesotesta, compared to Figs. D and F. 
bar = 18 ^pm 
F. ^  picta. Exotesta and upper mesotesta at midseed. 
Note location of light line (small arrows) and presence 
of crack (large arrow) extending from cutin covering 
exotesta down to light line. Mesotesta of stellate 
parenchyma cells densely packed with reserves (M) 
indicates one such cell. 
bar = 18 pm 
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Plate LU. Bauhinia species. Mature testa, internai hilar configuration, 
and funicular remnant at hilum. Hilar tongue (H), mesotesta 
(m), vascular tissue (x). Scanning electron micrographs. Bar 
at lower left of Fig. A indicates scale for all figures. 
A. Bauhinia pruinosa. Section Bauhinia. subseries Pauletia. 
Hilum l.s. at hilar tongue. Arrow indicates emergence 
point of vascular tissue at hilar groove. 
bar = 11] pm 
B. ^  pruinosa. Detail of Fig. A, base of hilar tongue. Light 
line in macrosclereids indicated by lower arrows, point of 
post-genital fusion between macrosclereid layer and 
funicular tissue indicated by upper pair of arrows. 
bar = 24 ^  
C. ^  tarapotensis. Section Bauhinia, subseries Aculeata. 
Hilar area, tangential section. Arrows to hilar groove. 
Parenchymatous extendion of funicular tissue which forms 
hilar rim, directly beneath arrows. 
bar = 115 pm 
D. ^  racemosa. Micraldesia. Hilar region c.s. Note wide 
opening in hilar groove; indicated by arrow at right, 
bar = 115 ^  
E. Bj_ rufa. Section Bauhinia, subseries Pauletia. Hilar region 
c.s. Hilar groove at tip of upper arrow, lower arrow indicates 
extension of parenchymatous funicular tissue through 
exotesta, at hilar groove, into mesotesta subtending 
hilar groove. 
bar = 64 ^ m^ 
F. u^fa» Detail of hilar groove. Note parenchymatous 
tissue of funicular extension(beneath arrow) and 
curvature in macrosclereids (tip of arrow) at the 
hilar groove. 
bar = 12 jjm 
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Plate LUI. Bauhinia species. Mature testa, external. Hilar 
configuration, polar view, hilar tongue present as 
elongate rectangular flap centrally located relative 
to hilar groove. Variation in radicular lobe (r). 
Scanning electron micrographs. Bar at lower left of 
Fig. A indicates scale for all figures. 
A. Bauhinia hypehana. Section Phanera. Single radicular 
lobe, hilar tongue indicated by arrow. 
bar = 167 
B. hypehana. Detail of Fig. A. Tip of arrow 
indicates hilar groove. 
bar = 50 
G. B_L monandra. Section Bauhinia. Micropyle at tip of 
small central arrow, double radicular lobe, hilar 
groove at tip of larger arrow at left, hilar rim present 
along both inner and outer margin of hilar groove, 
bar = 125 /rni 
D. ^  tomentosa. Section Bauhinia. Micropyle at tip of 
small central arrow, triple radicular lobe (r). Hilar 
groove at tip of larger arrow at right. 
bar = 139 jpm 
E. B_^  pic ta. Section Bauhinia, subseries Amaria. Deltoid 
micropyle at tip of small central arrow, triple radicular 
lobe (R). Hilar tongue has been removed, hilar groove at 
tip of larger arrow at lower right, portion of hilar rim 
beneath this arrow. 
bar = 83 ^  
F. ^  krugii. Section Phanera. Micropyle at tip of small 
central arrow, triple radicular lobe (R). Hilar groove 
at tip of larger arrow at right, hilar rim bordering 
both inner and outer hilar groove. 
bar = 125 ym 

Plate LIV. Bauhinia species. Mature testa, external. Hilar 
configuration, polar view. Variation in radicular lobe, 
hilar tongue as triangular flap assymmetrically placed 
on hilar groove. Micropyle deltoid. Scanning electron 
micrographs. Bar at lower right of Fig. A indicates scale. 
A. Bauhinia longicuspis. Section Bauhinia, subseries Fauletia. 
Hilar groove at tip of lower arrow, hilar rim beneath 
arrow, micropyle at tip of upper arrow, triple radicular 
lobe (r). 
bar = 125 ^  
B. ^  longicuspis var. paraensis. Section Bauhinia, 
subseries Fauletia. Hilar groove at tip of lower 
arrow, hilar rim beneath arrow. Micropyle at tip of 
upper arrow, triple radicular lobe (R). 
bar = 83 ^  
C. ^  galpinii. Afrobauhinia. Micropyle at tip of arrow, 
single radicular lobe appears narrow (R), 
bar = 125 /m 
D. ^  galpinii. Micropyle at tip of upper arrow, double 
radicular lobe (R). Note groove in testa to left and 
above micropyle. Compare to Fig. C, same species. Hilar 
groove at tip of lower arrow, hilar rim beneath arrow, 
bar = 114 pm 
E. Bj^  punctata. Section Phanera. Micropyle at tip of 
arrow. 
bar = 192 ^  
F. ^  pruinosa. Section Bauhinia, subseries Pauletia. 
Micropyle at tip of upper arrow. Hilar groove at tip of 
lower arrow, double radicular lobe (R). 
bar = 125 ^  

LV. Bauhinia species. Mature testa, external. Hilar configuration, 
polar view. Variation in micropyle. Hilar tongue as triangular 
flap assymmetrically placed on hilar groove. Variation in 
radicular lobe (R). Scanning electron micrographs. Bar at 
right of Fig. A indicates scale for all figures. 
A. Bauhinia rufa. Section Bauhinia, subseries Pauletia. This 
seed appears to lack any externally bulging radicular lobe. 
Micropyle at tip of arrow. 
bar = 125 |uii 
B. rufa. Detail micropyle. Tip of arrow indicates point at 
which micropyle penetrates seed testa. Hilar tongue at 
lower portion of figure. 
bax = 33 ^  
G. B. longicuspis. Section Bauhinia, subseries Pauletia. This 
seed has single radicular lobe (R). Micropyle at tip of 
arrow. 
bar = 125 
D. ^  rufa. This seed also lacks external bulge indicating 
location of radicular lobe. Deltoid micropyle at tip of 
arrow. Compare with Fig. B, same species. 
bar = 125 ^  
E. B_^  pauletia. Section Bauhinia, subseries Pauletia. This 
species has seeds with a double radicular lobe (R). Micropyle 
at tip of arrow appears entirely occluded by cutin sheets, 
bar = 25 yon. 
F. pauletia. Hilar groove at tip of arrow, hilar rim 
beneath arrow. 
bar = 125 >ini 
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Plate LVI. Bauhinia species. Mature testa, external. Micropyle shape 
and placement relative to radicular lobe and hilar tongue. 
Scanning electron micrographs. Bar at right of Fig. A 
indicates scale for all figures. 
A. Bauhinia petersiana. Section Bauhinia. Deltoid, deeply-
depressed micropyle (arrow) close to hilar tongue (H). 
bar = 25 ^  
B. ^  pruinosa. Section Bauhinia. subseries Pauletia. 
Deltoid micropyle (arrow) shallowly depressed, partially 
occluded by cutin, close to radicular lobe (R). 
bar = 19 ^  
G. ^  tarapotensis. Section Bauhinia, subseries Aculeata. 
Deltoid micropyle shallowly depressed (arrow), closer 
to hilar tongue (H) than to radicular lobe (R). 
bar = 
D. B^  galpinii. Afrobauhinia. Deltoid micropyle occluded 
by revolute sheet of cutin (arrow), close to radicular 
lobe (R) rather than hilar tongue (H ) .  
bar = I7jum 
E. ^  forficata. Section Bauhinia, subseries Aculeata. 
Deltoid micropyle shallowly depressed, occluded by 
spicules of cutin (arrow), located about midpoint 
between hilar tongue (H) and radicular lobe (R). 
bar = 58 
F. B. purpurea. Section Bauhinia. Circular- micropyle 
Yarrow) seems occluded by cutinized epidermal cells 
and is located close to hilar tongue (H). 
bar = 33 ^  

Plate LVII. Bahuinia species. Mature seed testa, external. 
Hilar region, polar view. Bar at lower right of 
Fig. A equivalent to 0.7 mm in all figures. 
A. Bauhinla monandra. Section Bauhinia. Asymmetrical 
hilar groove with wide platform (small arrow), rectangular 
hilar tongue (large arrow). 
B. 2^  Picta. Section Bauhinia, subseries Amaria. 
symmetrical hilar groove with wide platform 
(at tip of small arrow), radicular lobe (tip of 
large arrow). 
C. kruRii- Section Fhanera. Asymmetrical hilar groove, 
narrow platform (at tip of small arrow). 
D. B^ , polycarpa. MicraJLdesia. Symmetrical hilar groove, 
narrow platform (small arrow^ , rectangular hilar 
tongue (large arrow at right), radicular lobe (large 
arrow at left). 
E. B. tarapotensis. Section Bauhinia. Asymmetrical hilar 
groove, no obvious platform. 
F. hypehana. Section Phanera. Extended hilar groove, 
no obvious platform, truncate hilar tongue (arrow). 
G. yunnanensis. Section Phanera. Extended hilar groove, 
narrow platform (small arrow),"radicular lobe (large 
arrow). 
H. 2^  racemosa. Micraldesia. Extended hilar groove, no 
obvious platform, radicular lobe (arrow). 

Plate LVIII. Bauhlnla species. Mature testa, external. Hilar 
region, polar view. Hilar tongue absent, hilar 
groove asymmetrical. Radicular lobe (R). Scanning 
electron micrographs. Bar at lower right of Fig. A 
indicates scale for all figures. 
A. Bauhinla rufescens. Micraldesia. Detail of micropyle, 
polar view. Arrow at left indicates fungal hyphal strand, 
another such strand is under bar, at lower right. 
bar = 5 
B. rufescens. Hilar configuration, polar view. Micropyle 
at tip of large arrow, radicular lobe (R) at right, 
hilar groove at left. Fungal hyphae present, one such 
strand Indicated by small arrow. 
bar = 83 jpm 
C. hookerii. Section Lysiophyllum. Detail of hilar 
region, polar view. Arrow indicates one of several 
cracks radiating away from hilar groove. Radicular 
lobe (e). 
bar = 83jpm 
r. hookerii. Hilar configuration, polar view. Note 
exotestal cracks extending across lateral portion of 
seed. 
bar = 250 yia. 
E. ^  thonnlngii. Section Piliostigma. Detail hilar region, 
polar view. Deltoid micropyle indicated by arrow at 
right, emerging vascular tissue at hilum indicated by 
arrow at left. 
bar = 125 
F. ^  blnata. Section Itvsiophyllum. Hilar configuration, 
polar view. Hilar groove asymmetrical, longer portion 
indicated by arrow. Radicular lobe (R). 
bar = 139 ^  

Plate LIX. Bauhinia species. Mature testa, external. Hilar region, 
polar view. Hilar tongue absent. Vascular tissue (x).  
Scanning electron micrographs. Bar at lower right of 
Fig. A indicates scale for all figures. 
A. Bauhinia grandiflora. Section Bauhinia, subseries Pauletia. 
Micropyle indicated by upper arrow, hilar groove at tip 
of lower arrow, rim membrane beneath lower arrow. Note 
presence of raphal ridge (RR). 
bar = 167 ^  
B. B_^  variegata. Section Bauhinia. Micropyle indicated by 
upper arrow, hilar groove at tip of lower arrow. Note 
difference between hilar configuration on this seed an 
that of ^  variegata (=B. alba) on Plate LXIII;D. 
bar = 93 
G. B_^  acuminata. Section Bauhinia. Micropyle indicated by 
arrow at center. Vascular tissue of emerging vascular 
strand (x) at hilum. 
bar = 125 ^  
D. Bj_ acuminata. Micropyle indicated by upper arrow, hilar 
groove by lower arrow. 
bar = 139 ^  
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Plate LX. Bauhlnla species. Mature testa, external and Internai. 
Hilar configuration and hilar region, polar view. Hilar 
tongue truncate with mlcropyle as groove to rear of 
hilar tongue. Hilar tongue (H), mesotesta (M), radicular 
lobe (R), vascular tissue (x). Scanning electron 
micrographs. Bar at lower right of Fig. A indicates scale. 
A. Bauhlnla rufa. Section Bauhinla, subseries Pauletla. 
Hilar configuration, polar view. Truncate, robust hilar 
tongue (H), mlcropyle indicated by arrow. 
bar = 125 /im 
B; ^  heterophylla. Section Phanera. Hilar configuration, 
polar view. Truncate, robust hilar tongue (H), mlcropyle 
indicated by arrow at left. 
bar = 50 pn 
0. ^  vahlli. Section Phanera. Hilar configuration, polar 
view. Truncate, robust hilar tongue (H), mlcropyle Indicated 
by arrow. 
bar = 167 ^  
D. ^  heterophylla. Testa c.s. of antiraphal area close to 
hilum. Robust, truncate hilar tongue (H), mlcropyle 
indicated by arrow. Mesotesta composed of compacted 
cells filled with reserves. Note presence of vascular 
strand (X) in this antiraphal portion of seed. 
bar = 7^  jM. 
E. vahlli. Detail of hilar region, polar view. Note 
extension ( indicated beneath larger arrow) of riia 
membrane over raphal portion of seed. Larger arrow tip 
at fungal hyphal strand, smaller arrow Indicates 
fungal spore. 
bar = 250 ^  
F. ^  heterophylla. Antiraphal portion of seed, polar view. 
Note prominent ridge (R) on this seed, at antiraphe. This 
is the same species which has seeds in which the vascular 
strand extends into the antiraphe. 
bar = 167 jpm 

Plate LXI. Bauhinia species. Mature testa, external. Hilar 
region, polar view. Hilar tongue a triangular flap 
of tissue placed asymmetrically on hilar groove. 
Radicular lobe (R). Scanning electron micrographs. 
Bar at lower left of Fig. A indicates scale for all figures. 
A. Bauhinia divaricata. Section Bauhinia. Wide hilar groove 
at tip of arrow, hilar rim along both inner and outer 
margins of groove. Single narrow radicular lobe. 
"bar = 125 
B. ^  petiolata. Section Bauhinia, subseries Amaria. 
Wide hilar groove at tip of lower right arrow, wide 
crack in exotesta indicated by upper left arrow. 
Slit-like micropyle indicated by upper right arrow, 
bar = 64 ^  
0. ^  divaricata. Detail hilar region. Hilar groove at 
tip of right arrow, micropyle at tip of upper arrow, 
bar = ym 
D. petiolata. Detail hilar region, micropyle. Slit­
like micropyle at arrow, radicular lobe (R) above and 
base of hilar tongue (H) below. 
bar = 30 ym. 
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Plate LXII. Bauhinia species. Mature testa, external. Hilar 
region, polar view. Hilar tongue small or absent, 
hilar groove asymmetrical. Vascular tissue (x) .  
Scanning electron micrographs. Bar at lower left of 
Fig. A indicates scale. 
A. Bauhinia reticulata. Section Piliostigma. Vascular tissue 
emerging (x) at center of hilum, hilar groove 
longer side indicated by arrow. 
bar = 175 
B. ^  malabarica. Section Piliostigma. Vascular tissue 
emerging from center of hilum, hilar groove 
shorter side indicated by arrow. 
bar = 175 
C. B. reticulata. Detail hilar region. Micropyle at upper 
arrow, hilar groove at lower arrow, hilar rim beneath 
arrow. 
bar = 47 ^  
D. ^  malabarica. Detail hilar region. Micropyle at 
arrow, vascular tissue (X) emerging at center of 
hilum. 
bar = 70 jpm 
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Plate LXIII. Bauhinia species. Mature testa, external. Hilar 
configuration, polar view. Hilar tongue small or 
absent. Hilar tongue base (H), radicular lobe (R), 
vascular strand (X). Scanning electron microscopy. Bar 
at left of Fig. A indicates scale for all figures. 
A. Bauhinia purpurea. Section Bauhinia. Note robust 
vascular bundle emerging from seed, at hilum. 
bar = 192 ^  
B. purpurea. Detail hilar region. Deltoid micropyle 
indicated by arrow, robust vascular strand emerging 
from hilum. 
bar = 125 ^  
C. 2: purpurea. Detail micropylar area, polar view. 
Circular micropyle (arrow) occluded by cuticular 
deposits, contrast shape with that of micropyle in 
Fig. B, same species. Base of hilar tongue at upper 
portion of figure. 
bar = 25 _pm 
D. ^  variegata (=B. alba). Section Bauhinia. Hilar 
region, polar-view. 
bar = 167 pm 
E. ^  macranthera. Section Bauhinia. Small triangular 
hilar tongue (H), hilar groove at tip of right arrow, 
hilar rim beneath arrow. Deltoid micropyle at tip of 
left arrow. 
bar = 250 _pm 
F. ^  macranthera. Detail micropylar region, polar view. 
Circular micropyle (tip of arrow) appears completely 
occluded by cuticular deposits. Base of hilar tongue 
(H) above, radicular lobe (R) below. 
bar = 17 pm 

Plate LXIV. Cercideae (Cercidinae). External testa. Hilim. Scanning 
electron micrographs. Bar at lower right of Fig. A 
indicates scale in all figures. 
A. Griffonia simplicifolia. Ovoid to circular hilum. 
Vascular "bundle (upper arrow) emerges at center of 
hilum; no hilar groove apparent. Deltoid micropyle 
(lower arrow). 
"bar = 125 ^  
B. Adenolobus peuchelii. Outline of hilum an elongate ellipse. 
Vascular bundle (upper arrow) emerges slightly off-center 
in hilum. Hilar groove surrounded by raised revolute rim. 
Slitted micropyle (center arrow) surrounded by similar rim. 
Prominent radicular lobe (lower arrow). 
bar = 64 ;um 
C. Gereis occidentalis. Outline (lower arrow) of hilum a 
narrow, elongate ellipse. Vascular bundle emerges in 
center of hilum. Slitted micropyle (center arrow) is 
perpendicular to hilum. Radicular lobe (upper arrow), 
prominent, raised above hilum. 
bar = 93 jpm 
D. Gj. siliquastrum. As in G except radicular lobe is level 
with hilum. Emerging vascular bundle at tip of arrow, 
bar = 125 jum 
E. G. reniformis. As in G except radicular lobe (arrow) 
is only slightly raised above hilum. 
bar = 125 jum 
F. C_!. chinensis. As in D. 
bar = 69 

Plate LXV. Cercideae. External testa. Hilum and micropyle. Scanning 
electron micrographs. Bar at lower right of Fig. A indicates 
scale for all figures. 
A. Griffonia simplicifolia. Cercidinae. Deltoid micropyle, 
deeply depressed,little surface occlusion. 
bar = 23 pm 
B. AdenoloTjus peuchelli. Cercidinae. Slotted micropyle (arrow) 
bordered by prominent revolute ridge. Hilar groove 
perpendicular to micropyle long axis. 
bar = 30 ,1™ 
C. Bauhinia mollicella. Bauhiniinae. Deltoid micropyle, 
slightly depressed and occluded by cutin sheets (atrrow) 
and spicules. 
bar = 30 pm 
D. Gereis occidentalis. Cercidinae. Slotted micropyle (upper 
arrow) deeply depressed and non-occluded. Hilar groove 
(lower arrow) perpendicular to long axis of micropyle, as 
in Adenolobus , 
bar = 60 jam 
I 
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Plate LXVI. Gereis species. External testa. Hilum and micropyle. 
Scanning electron micrographs. Bar at far right of 
Fig. A indicates scale for all figures. 
A. Cereis reniformis. Note two prongs (arrow to one) radiating 
from micropyle, which may indicate an earlier deltoid 
shape in the younger micropyle. 
bar = 25 ^  
B. chinensis. Note macrosclereid cells (arrow) revealed 
"by the micropylar slit. 
bar = 17 ^  
C. C_^  occidentalis. Small circle of vascular tissue (arrow) 
at lower left of hilum, surrounded by small rim membrane, 
bar = 13 jum 
D. G. siliquastrum. Vascular tissue (left arrow) surrounded 
by rim membrane (right arrow). 
bar = 8 
338 
Plate LXVII. Bauhinia. Stomatal apparatus on pericarp. Scajining 
electron micrographs. Bar at lower left of Fig. A 
indicates scale, all figures. 
A. Bauhinia tomentosa. Carpel s'Jrface with stomate (arrow), 
"bar = 5 
B. ^  pauletia. Carpel surface with stomate close to 
uniseriate trichome (arrow). 
bar = 3 ^  
C. ^  variegata var. Candida. Carpel surface with open 
stomatal pore (arrow). 
bar = 3 A® 
D. ^  punctata. Style surface with two stomatal 
apparati (arrow indicates one). 
bar = 7 ^  
3^ 0 
Plate LXVIII. Bauhinia. Stomatal apparatus on mature seed testa and 
on outer epidermis of pericarp. Scanning electron 
micrographs. Bar at lower right of Fig. A indicates 
scale for all figures. 
A. Bauhinia purpurea. Stomatal apparatus. Outer epidermis 
of pericarp. 
bar = 5 jjm 
B. ^  purpurea. Stomatal pores on maturing seed testa, 
bar = ^  pm 
C. ^  purpurea. Outlined stomatal apparatus on mature 
seed testa. 
bar = 25 
D. B_^  binata. Stomatal pores on mature seed testa, 
bar = 5 ^  
E. ^  variegata. Stomatal apparatus on mature seed testa, 
bar = 25 jum 
F. B_L variegata. Stomatal apparatus. Outer epidermis of 
pericarp. 
bar = 4 jum 
G. ^  variegata. Stomatal apparatus on mature seed 
testa• 
bar = 5 ^  
3^ 2 
Plate LXIX. Bauhinia purpurea. Stomatal apparatus. Exotesta and 
subtending cells. Scanning electron micrographs. Bar 
at lower right of Fig. A indicates scale, all figures. 
A. Testa surface of young seed. Shows closely grouped 
stomata at hilar region. At arrow,detail shown in B. 
bar = 50 
B. Detail of A. Elongated macrosclereid cells (arrow) 
curled away from subtending mesotesta layer. Stomatal 
pores are scattered over surface. 
bar = 13 jum 
C. Detail of B. Elongation of macrosclereid cells seem 
to distort the stomtal apparatus (arrow). Stomatal 
pores are sunken beneath surface of exotesta. 
bar = 5 j™ 
D. Occluded stomatal pore, lower right. Outline of fungal 
spore (arrow) close to stomatal pore in center. 
bar = 5 

Plate LXX. Bauhinia. Stomatal apparatus. Mature seed testa. Scanning 
electron micrographs. Bar lower right of Fig. A indicates 
scale, all figures. 
A. Bauhinia acuminata. Break in exotesta at stomatal apparatus. 
Arrow indicates area detailed in C. 
"bar = G }m 
B. ^  vahlii. Exotesta close to hilar region. Stomatal 
pores occluded, stomatal apparatus sunken "beneath exotesta 
surface. Arrow indicates area detailed in D. 
bar = 13 jum 
G. ^  acuminata. Detail of A. Shows portion of stomatal 
apparatus, stomatal pores at arrows. 
"bar = 2 
D. ^  vahlii. Detail of B. Stomatal apparatus sunken 
"beneath surface of exotesta, stomatal pore occluded (arrow 
"bar = 5 JLim 
E. ^  acuminata. Detail of A. Transverse view of stomatal 
pore. 
bar = 2 jjm 
F. acuminata. External view of stomatal apparatus. 
"bar = 2 }m. 

